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NICHD AMUAL REPORT
July 1, 1977, through September 30, 1978

OFFICE OF THE DIRECTOR

SUMMARY

%> The National Institute of Child Health and Human Development conducts and
supports research that contributes to the health of mothers and children
and to the quality of family life. The focus of Institute research is
the development of knowledge that can be applied to the prevention and
amelioration of disorders associated with reproduction, pregnaincy, in-
fancy, and childhood, and to problems of fertility and infertility.

The Institute gives high priority to ten program areas: high risk preg-
nancy; fertility-infertility; congenital defects; sudden infant death
syndrome CSIDS); child development; nutrition; mental retardation; contra-
ceptive development; contraceptive safety; and population and family
dynamics. These priority areas were identified last year as a means to
provide focus and direction for the Institute's program of research.

Fiscal year 1978 has in many ways been devoted to the development and
refinement of these priority areas. Experience thus far has demonstrated
that the health problems represented within the priority areas cannot be

^ addressed by research on a single organ or isolated event in time. Rather,
a multidisciplinary and cooperative approach is required to span the period
of life during which aberrations of reproduction and development occur.

To this end and in association with the 1979-1983 Forward Plan process,
the Institute developed a research strategy based upon an interdisciplinary
mix of studies in reproductive and developmental biology and behavioral and
social research. Integral to the research strategy is a focus on that
period of human development which embraces the life stages of fertiliza-
tion, embryo, fetus, and infant, and includes the important processes,
both biological and behavioral, that determine either normal or abnormal
development

.

This research strategy has already demonstrated significant promise for
new and important medical advances. For example, the Institute's support
of basic studies on hormonal receptors focuses primarily on contraceptive
development and cures to infertility. These same studies, however, by
determining the role of hormones in triggering intercellular events in

W embryonic development, may provide needed answers to problems of birth
defects and spontaneous abortion. Recent research at the Institute has
shown that genetic make-up determines the ability of the fetus to respond
to hormones and foreign chemicals reaching it by way of the placenta; the
fetal response in turn determines its protection against toxic substances
and the occurrence of a congenital defect.



In the coming year, the Institute will continue its effort to accelerate
the development of new knowledge in fetal and perinatal medicine and in
the population sciences.

Additionally, the Institute will implement a number of new programs that
respond to important health initiatives announced oy the Secretary, DHE¥.
The NICHD has the lead role for the research portion of the Secretary's
initiative on adolescent health and the prevention of ^anwanted pregnancy.
The NICHD plans to fulfill its responsibility through expamded research on
fertility and infertility, contraceptive development and evaluation, and
adolescent sexuality and attitudes toward contraceptive use and child-
bearing. New investigations will be encouraged on toxemia, low birth
weight , and prematurity and on the special nutritional needs of the
pregnant adolescent.

A new program of research is planned on influences in childhood that
contribute to the development of habits detrimental to health. The
emphasis of this program will be on smoking in fulfillment of the Insti-
tute's portion of the Secretary's initiative on smoking prevention.

The effects of diet and other influences in childhood on the development
of disorders such as obesity, diabetes, hypertension, and heart disease
later in life will be studied through the Institute's program in clinical
nutrition. Emphasis will be placed on research on behavioral, social, and
cultural influences on dietary patterns and nutrient intake.

Budgetary developments this year have required planning and preparation in
response to renewed congressional interest in authorization for construc-
tion of a Child Health Intramural Research Facility (Building 33). The
design of such a facility was authorized 12 years ago but construction
funding has failed to win approval since completion of the design in I969.
At this writing, authorization of $37 million for the construction has
passed the full House and the Senate Appropriations Committee.

The following descriptions of research programs and projects supported by
the niCHD reflect continuing achievement and advancement toward Institute
research goals. It is a record that reflects opportunities and promises
for the assurance of solutions to the special health problems of women,
children, and families.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Center for Population Research
Office of the Director

Introduction : The Institute's Center for Population Research (CPR)

continued to fulfill its responsibility for the primary Federal research
effort in the population sciences. Significant progress has resulted
from the Center's support of biomedical and social sciences research
through grants and contracts for:

-Fundamental biomedical research on reproductive processes relevant
to problems of human fertility and infertility.

-Development of new and improved methods for fertility regulation.

-Evaluation of the safety and effectiveness of contraceptive methods
currently in use.

-Social sciences research in population and family dynamics on the

reproductive motivation of individuals and the causes and conse-

quences of population change.

Research on fertility and infertility is concerned with the reproductive
processes involved in the fertility of men, women, and animals with

reproductive processes similar to those in human beings. The program in

fundamental biomedical research includes studies on the development of

the egg and sperm, ovulation and its regulation, fertilization, the

mechanism of hormone action, neuroendocrine control of reproductive

processes, reproductive diseases, and the relationship between nutrition

and reproduction. CPR is the largest single source of support for such

research. Studies of reproductive biology in the human and relevant

animals are supported in order to increase our knowledge of reproductive

processes, the regulation of fertility, and the alleviation of infertility.

A major aspect of this program is concerned with understanding how hormones

act in the control of reproduction. These efforts are exemplified by

the work of Drs. Roger Guillemin and Andrew Schally, both supported by

CPR, who recently received the Nobel Prize for research on the identi-
fication, synthesis and mode of action of releasing hormones.

The program to improve methods of fertility regulation involves efforts

to develop new drugs, devices, and other means of contraception, for

both men and women, which are safe, effective, inexpensive, reversible,

and acceptable to various population groups. The objective is to develop

an array of methods that can be used successfully by different couples

under various circumstances. Research activities to develop a variety

of safe contraceptive methods include synthesis and biological evalua-

tion of promising new compounds for the female or male; development of

technology for improved drug administration; development of improved

vaginal and uterine contraceptives based on chemical or physical methods;

clinical trials of sex steroids for suppression of sperm production and

the consequent development of chemical contraceptives for males; clinical



and toxicological evaluation of long-acting progestin as a female ^^
contraceptive; laboratory studies and clinical trials to develop and
ascertain the efficacy of antifertility methods based on periodic
abstinence; and studies required for clarification of mechanisms of

action of specific drugs. At all the stages of research on contra-
ceptive development, the overall aspect of product and method safety is

emphasized.

The program in contraceptive evaluation is concerned with the evaluation ^P
of the safety of various contraceptive methods which are currently in

use, particularly with respect to long-term safety. Efforts are directed
toward attaining improved safety of fertility regulation methods through
identification of health risks associated with methods currently in use,

delineation of particular circumstances which increase the risks of

specific methods, and clarification of the mechanisms by which specific
adverse effects of methods currently in use arise. The scope of the

program includes the evaluation of health hazards associated with oral
contraceptives and of intrauterine devices, and also the immediate and

long-term risks associated with methods of sterilization for men and for

women. In addition, studies are supported to ascertain the possible
adverse consequences of pregnancy termination for the health of women,

particularly regarding subsequent pregnancy performance. Among possible
hazards or suspected health risks of steroid contraceptives being studied

are cancer and other forms of tumors, heart disease, hypertension and

thromboembolic disease, metabolic and nutritional disorders, birth defects,

and also the understanding of the underlying mechanisms by which known ^
complications arise.

Research in the social sciences on population and family dynamics
involves the factors governing variations in the growth, distribution,

and characteristics of people and the impact of population changes on

the health and welfare of individuals, families, and society as a

whole. Studies are supported on the demographic, social, behavioral,

and economic factors which influence variations in family size among

individuals and groups and the causes and consequences of varying levels

of fertility for the population as a whole or segments of it. Emphasis

is given to research on motivation for fertility regulation; variations

in the perceived value and costs of children; the determinants and

consequences of problems associated with adolescent pregnancy and child-

bearing; effects of changes in the structure, functions, and size of the

family; factors affecting the adoption and effective use of contra-

ception on the part of both men and women; and the related effects of

changing roles in our society, particularly of women. Studies concerning ^
the causes of fertility trends in the United States are also emphasized

because they identify changes occurring by age, region, and subgroups of

the population. The knowledge resulting from these research efforts is

necessary for the formulation of desirable public policies and goals, as

well as for the means to achieve them, and for assessing their impact.



Budget : The following table compares budgetary levels for CPR program
activities in FY 1978 with the previous year.

1. Fundamental Biomedical Research

2. Contraceptive Development

W 3. Evaluation of Contraceptives in Use

4. Population and Family Dynamics

5. Population Research Centers

6. Research Training

7. Direct Operations & Program Management

FY 1977 FY 1978
(Actual) (Estimate)

($in mill:Lons)

22.4 28.1

6.9 6.9

5.5 5.9

8.2 8.7

3.7 3.6

3.1 3.2

3.7 4.6

TOTAL 53.5 61.0

Recent findings and achievements in population research supported by the

Institute include the following:

1. The structure of a natural "reproductive" gene of higher animals

has been ascertained for the first time. The estrogen-ovalbumin
system of the chicken has proven to be an excellent model for

studying the regulation of gene action by hormones.

2. Analogs have been developed including agonists which are very potent

long acting compounds that mimic luteinizing hormone releasing

factor (LRF) . LRF, which stimulates the secretion of pituitary

gonadotropins, is necessary for normal reproductive functions.

Super agonists, those analogs which are hundreds of times more

potent than LRF, may induce ovulation in women and increase

testosterone levels in men when administered during the late

follicular phase.

3. The use of freeze-fracture, a new highly sensitive technique for

discerning subtle alterations in the interior layer of the membrane,

has enabled examination of the changes in the fine structure of ova

and sperm membranes at the time of fertilization. The applications

of this technique to sperm as they undergo physiological modifica-

tions before fertilization is proving to be very valuable in

understanding these events in reproduction.

4. Research on the factors which control changes in the vascular

pattern of the ovary during the reproductive cycle suggests that

the corpus luteum may stimulate the growth of its own blood vessels.

Preliminary data have indicated that an extract of corpora lutea is

capable of stimulating the proliferation of vascular endothelial

cells maintained in vitro . Such a factor which affects the pro-

liferation of capillaries within the ovary could have potential use

in controlling the lifespan of the corpus luteum.



5. Recent studies suggest that Vitamin E is required to regulate events

determined in the developing testis, but not expressed until active

spermatogenesis occurs. It appears to be required for the production

of prostaglandins which in turn may be regulators of testicular

function. Although prostaglandins have been known to occur in human

semen, their presence in human testis has not been documented until

now.

6. It has been found that ovulation in the nonhuman primate can be

blocked by an antagonist of luteinizing hormone releasing hormone

(LHRH) . A major breakthrough in the level of antagonist activity

in rodents has been the discovery of high antiovulatory activity

in the rat of LHRH. This peptide appears to be effective in non-

human primates in blocking LHRH-induced gonadotropin release.

7. Progress has been made in the synthesis of steroids, by the develop-

ment of compounds that possess antifertility activity with diminished

hormonal (androgen and estrogen) activities. Some of these compounds

antagonize enz3mies responsible for steroid biosynthesis and others

appear to act as inhibitors of the natural hormones.

8. The biological drug testing facility has uncovered a number of

significant leads for additional synthesis research as a result

of their extensive evaluation of long-acting androgens and pro-

gestins originating from the synthetic program of the World Health

Organization.

9. Considerable progress has been made with regard to implantable drug

delivery systems based on polypeptide polymers. A polypeptide

system where the polymer provides a chemical linkage to the contra-

ceptive drug has the potential for being quite flexible in terms

of rate and duration of drug release and can be used as an injectable.

10. Clinical studies on the efficacy and safety of ethynyl estradiol

and conjugated equine estrogens as postcoital contraceptive agents

have been completed. The efficacy of high doses of estrogens

administered within 48 hours after a single midcycle exposure was

excellent. This form of therapy represents an emergency treatment

and should not be viewed as an alternative to other accepted

methods of fertility regulation.

11. Studies dealing with the potential use of testosterone enanthate

(TE) as a male contraceptive agent have been completed. Among the

injection schedules employed in these studies, only the once-a-

week injection of 200 mg of TE consistently induced effective

suppression of sperm production. However, this dosage is associated

with elevated levels of serum testosterone which are not considered

desirable. The completed studies provide useful information on

spermatogenesis suppression and can serve as a model for male contra-

ceptive studies with other drugs.
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12. Data from the Walnut Creek Contraceptive Drug Study still indicate

that there is a significant excess of carcinoma in situ of the

cervix among long-term pill users. The analysis of this data has

suggested for the first time a possible protective effect of

vasectomy on ceirvical cancer.

13. It has been found that oral contraceptives selectively decrease

the risk of benign breast disease with no or little metaplasia,

i.e. that fraction of benign breast disease which is not a risk

factor for breast cancer.

14. It has been observed in a study of myocardial infarction in relation

to oral contraceptive exposure, that at least 75% of the risk of

heart attacks in women under 50 is explained by cigarette smoking.

15. Projects to identify the risk of malformations associated with

contraceptive practice before and around the time of conception,

have indicated that the risk is small of birth defects among

breakthrough pregnancies in women on the pill or inadvertantly

exposed to them early in pregnancy. The increase in risk is in

congenital heart disease but is less than two-fold.

16. Studies to evaluate possible health risks associated with vasectomy

have found that a substantial proportion (half to two- thirds) of

vasectomized men develop circulating antibodies to sperm antigens

within the first year after surgery and that the frequency and

titers of these antibodies do not decrease over the next 2-3 years.

No other immunologic changes, no significant changes in endocrine

function, and no clinical diseases have been demonstrated.

17. A study dealt with how couples assess the relative advantages and

disadvantages of having a child or another child, and how each

additional birth affects the perceived costs and rewards. It

found pronatal pressures decreasing and antinatal pressures

increasing as family size increases. Married couples' anticipated

consequences of having a child or another child were moderately

good predictors of whether the couple would have the child.

18. Research on the effects of family size on child development and

achievement has shown that birth order, spacing, and sex of the

child have affected mother-infant relationships and the child '^s

cognitive performance as early as three months into the child's

life. Many of these effects found at three months are still

evident at 12 and 24 months of age.

19. An analysis of the relationship between fertility, marriage,^

marriage dissolution, and remarriage has indicated that married

women who have not experienced marital disruption have the longest

intervals between births but the largest completed family size.

Divorce is more likely to occur to women who have given birth

before marriage, to those who were under 18 when first married,

and to those who conceived before marriage but had a child after

marriage.



20. It was found that early marriage depresses educational attainment
for both men and women and that family commitments place heavy
constraints on achievement, especially of women. Also, the number
of children borne has a greater effect on lifetime work experience
for a women than does the age at which she has her first child.

21. Research on the consequences of early childbearing has demonstrated
that women who become mothers while adolescents have reduced educa-
tional and occupational attainment, lower income, and increased
welfare dependency. It was also shown that those who became mothers
while teenagers had lower academic aptitudes, grades and educational
aspirations. Its effect on education is apparently the major pathway
by which early childbearing affects economic outcomes.

22. The effect of early childbearing is felt on fertility and marital
experiences also. There is a clear association between age at

marriage and marital disruption, with the youngest brides most
likely to separate or divorce. There is also a strong association
between younger ages at first birth and a faster pace of subsequent
childbearing, higher completed fertility, and higher proportions
of children unwanted and illegitimate.

23. A study on the consequences of population growth is concerned with
constructing an index of economic well-being which can be used to

estimate when the economic advantages of population growth diminish.
A major accomplishment has been the development of a computer simu-

lation model of population, resources and the environment in the

U.S., and development of methods to determine pollution and resource
depletion costs.

24. An analysis of migration in the U.S. has revealed that there are

differences between the short and long term return migrants. Short

interval return migrants are less educated and skilled, demonstrate
lower personal efficiency and ambition, and are prone to unemployment.

Longer interval returnees appear to add more to the economic and

social well being of their destinations than do the short interval

returnees.

25. A study of Mexican-United States migration shows heavy rates of

return migration, from U.S. border states. This suggests the strong

economic influence that the U.S. has on short term migration from

Mexico. Greater rates of U.S. employment growth significantly
discourage out-migration while stimulating in-migration, which
indicates that migration is greatly responsive to labor market

conditions.

10



Coordination and Communication

The activities of the Center to enhance the coordination of Federal
population research programs and to foster the communication of bio-

medical and behavioral research information in the population sciences,

are presented in this portion of the report since they are coordinated

in the Office of the Director.

Interagency Committee on Population Research (ICPR) , which is chaired by

the Director of CPR, coordinates the population research activities

supported by Federal agencies and facilitates the exchange of information

and ideas among Federal programs involved with population research. The

ICPR, established by the Secretary of HEW on October 5, 1970, has been

extended by the Secretary through June 30, 1980. The Committee is

comprised of representatives from the various Federal agencies concerned

with research related to human population problems. The major products

of the ICPR are the following two publications produced annually with

the assistance of NICHD's Office of Planning and Evaluation.

Inventory and Analysis of Federal Population Research for fiscal year 1977

was issued by the ICPR. This report contains (1) a description of the

background and role of the ICPR; (2) a statistical analysis with fiscal

tables by research areas and supporting agencies; (3) an evaluative analysis

with recommendations for needed population research; (4) a detailed

inventory of all Federally supported population research projects classified

according to the major research category; (5) a listing of projects started

in FY 1977; and (6) a membership list of the ICPR.

Inventory of Private Agency Population Research for calendar 1976 was

published by the ICPR. This report provides information on the popula-

tion research projects sponsored by the major U.S. private organizations

in this field. These three principal organizations involved with research

in the population sciences, the Ford and Rockefeller Foundations and the

Population Council, have provided the data on their research projects in

the same way as the Federal agencies and the information has been pub-

lished in the identical format as the Federal Inventory.

Population Sciences: Index of Biomedical Research continues to provide

a useful resource to those who wish to be currently informed about the

biomedical literature in the population research field. This monthly

bibliographic citation journal began its fifth year of publication in

October 1977 and approval has been received to publish for another three

years. It is produced with the cooperation of the National Library of

Medicine based on the information contained in their Medical Literature

Analysis and Retrieval System (MEDLARS)

.

Population Research Monographs published by the Center through the

Government Printing Office are another means for furthering the dis-

semination of information. These books provide a comprehensive review

of the state-of-the-art in specialized areas of population research in

the biomedical or social sciences and indicate future research directions

to obtain needed knowledge. The Center's conferences and workshops in

the population sciences also continue to result in publications which

constitute a valuable addition to the population research literature.

11



Hormonal Control of Male Fertility provides the proceedings of this

contractor's workshop held on October 30-November 1, 1977 at NIH. The
purpose of this workshop was to discuss the potential use of androgens
to control fertility in human males. It was organized by Dr. D.J.

Patanelli of the Contraceptive Development Branch who also edited the

proceedings.

Nutrition and Human Reproduction , edited by Dr. W. Henry Mosley of the

Johns Hopkins University, is the product of this conference held at NIH
on February 14-16, 1977. The conference was supported by the Institute

and organized by Dr. Philip Corfman, Director of CPR, in conjunction
with the Subcommittee on Nutrition and Fertility of the National Research
Council. The purpose was to assemble scientists from a broad range of

fields in order to develop a comprehensive view of the many facets of

nutrition and reproduction. The book has been published by Plenum
Press.

Behavioral-Social Aspects of Contraceptive Sterilization reports on a

CPR-sponsored workshop on this topic organized by Dr. Sidney Newman of

the Population and Reproduction Grants Branch. The workshop dealt with
such facets of this topic as the public health aspects; social-demographic
and family planning aspects; psychosocial aspects; economic aspects;

survey methodological aspects; and needed research and research approaches.

The book was edited by Dr. Newman of CPR and Dr. Zanvel Klein of the

University of Chicago, and was published by Lexington Books.

12



NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Center for Population Research
Contraceptive Development Branch

During fiscal year 1978, goals to develop improved fertility regulating methods
have advanced considerably. The increasing emphasis on research and development
programs has resulted in a commensurate decrease in support of directed basic
research. Support of the latter has centered on projects of direct relevance
to the product development program. Continued acquisition of research findings
in the product development area has permitted focusing on more specific areas
of research as well as research endeavors in new approaches to fertility regu-
lation.

A. Product Development

Drug Development Program

Intensive research in the area of synthesis and testing of new gonadotropin
releasing hormone agonists and antagonists has yielded a better understanding
of chemical structure requirements for optimal activity of both agonists and
antagonists. An important stimulus for research in this area has been the
observation that ovulation in the nonhuman primate can be blocked by an antag-
onist of LH-RH and that agonists can disrupt the ovulatory process and the
menstrual cyclicity in the human female. Studies in both the monkey and the
human female emphasize the importance of biological models for proper evalua-
tion of drug activities. Sufficient disparities exist between laboratory
rodents used for the initial screening and the primates used for advanced
testing, that establishing a specific biologic test is as crucial as the syn-
thesis of new drug entities. Prior biological testing of drugs in this area
concentrated on the ability of the unknown drug to antagonize a response
elicited by LH-RH. The new findings on ovulation blockage will permit evalu-
ation of the drugs in a normal cycle. Consequently, the synthetic program
aimed at antagonists has been emphasized during FY 1978. A major breakthrough
in the level of antagonist activity in rodents has been the discovery of high
antiovulatory activity in the rat of [D-p Glu, D-phe^, D-T-p3

,

6]lhRH. This
peptide appears to be effective in nonhuman primates in blocking LHRH-induced
gonadotropin release.

Synthetic efforts in the prostaglandin area continue to focus on the separation
of luteolytic from uterotonic activities. It is critical that the antifertility
activity be associated with diminution of corpus luteum function, and not to
direct increased uterine activity. Several prostaglandin analogs have been
found that exhibit a separation of these activities. For example, it has been
found that 13-dehydro derivatives of PGF2^ have very weak smooth muscle stimu-
lating activity but are potent luteolytic agents in both the sheep and the
monkey. An equally important consideration in looking for potentially useful
agents is the elimination of gastrointestinal disturbances. Those prostaglan-
dins with diminished uterotonic activity appear to have lowered G.I. side
effects, activity that has been observed for the 13-dehydro analogs of PGF^ .

In the steroid synthesis area, progress has been made in developing compounds
(2-substituted analogs of 7a-methyl-176-hydroxyandrost-5-ene-3-one) that possess

13



antif ertility activity with diminished hormonal (androgen and estrogen) acti^

ties. Some of these compounds antagonize enzymes responsible for steroid

biosynthesis and others appear to act as competitive inhibitors of the natural

hormones

.

Synthetic Chemical Facility

The chemical synthesis facility has continued to be an important adjunct to the

overall synthesis program. It supplies the program with numerous compounds ^
that are commercially unavailable, as well as intermediates for the contract

synthesis program. During the past fiscal year, the facility has prepared

esters of 7a-methyl-19-nortestosterone for comparison with the 14-dehydro ana-

logs as potent, long-acting androgens. It has, also, prepared 7a-methyl- nore-

thindrone and its enanthate ester for biological testing. Additionally,

radiolabelled estrogens were prepared.

Biological Drug Testing Facility

The biological drug testing facility continues to be the major drug testing

entity outside the pharmaceutical industry. Without the capabilities of this

facility, the overall drug development program would be severely impaired. Its

function allows for a systematic standardized comparison of drug entities ema-

nating from different sources.

In-depth evaluation of androgens in rats and monkeys has continued. Activities
in the rat are not always substantiated in the rhesus monkeys which creates

problems in the selection of candidates for toxicological assessment. Certanfc

basic issues involving the relationship of androgenic activity in the rat to

gonadotropin suppression in the monkey must still be resolved. There is no

question that the 7a-methyl esters of 19-nortestosterone and the 14-dehydro
analogs are much more potent than the same esters of testosterone in the rat,

but the selection of the appropriate synthetic compounds for eventual clinical
trials will require additional primate testing.

During the past year, the testing facility has undertaken an extensive evalua-

tion of long-acting androgens and progestins originating from the WHO synthetic
program. A number of interesting leads have been uncovered, which can serve as

a basis for additional synthesis research. Since the Contraceptive Development
Branch program has full access to the WHO compounds, we are not only helping
WHO with their program, but also have access to potentially useful compounds
for our program.

In the drug delivery area the testing facility continues to provide data on

drug release from several systems. ^
Drug Delivery Systems and Oral Formulations

Considerable progress has been accomplished in the area of implantable drug
delivery systems. A cylindrical reservoir employing a caprolactone polymer as

the limiting membrane is currently in the process of toxicological assessment.
Providing the system is found to be safe, we can anticipate initial clinical
studies during the next fiscal year. The microcapsular injectable system is %

lA



undergoing additional evaluation to ascertain the stability of release rates.

Both hollow cylinder and solid rod drug release systems based on polypeptide
polymers appear to hold promise. At the present time, there is no evidence
that polypeptide poljnners will present an antigenicity problem. In addition,

a polypeptide system where the polymer serves as a backbone with a chemical
linkage to the contraceptive drug has passed initial release studies. This
system has the potential for being quite flexible in terms of rate and duration
of drug release and can be used as an injectable.

Studies on a bioerodable drug delivery system using Chronomer ^^ have progressed
satisfactorily. Stable release of progestins has been accomplished. This pro-
gram has reached the stage of preliminary toxicological testing as well as

optimization of production of the polymer. In view of the fact that both NIH
and WHO have been sponsoring research on this bioerodable Chronomer ® system,

the two agencies will sponsor jointly the additional toxicology that is required
prior to clinical studies. The joint sponsorship of certain research phases of

this program will improve program management and should result in considerable

cost saving.

The development of improved oral formulations for contraceptive drugs shows

promise along two fronts. First of all, formulations have been prepared which
exhibit the potential for modifying the absorption of current oral contracep-

tives. The aim is to reduce the initial rapid absorption and the concentration
peak, and at the same time to prolong the absorption process resulting in a

pharmacologically active sustained drug concentration. In the area of oral

formulations for the delivery of natural steroids, the issue of formulation
technology is very complex, and progress has been slow. There is reason to

believe that the original concepts of shifting absorption to the intestinal
lymphatics or protection of the parent molecule from intestinal metabolism
are achievable with additional research and development efforts.

Device Development

Clinical studies on the intracervical progestin releasing device have been

terminated until such time that additional clinical studies have been completed
by the WHO. The design of the device has undergone minor modifications to

improve its retention within the cervix. If indeed the WHO studies show
promise, then clinical studies in the U.S. with progestin loaded devices will

be considered.

The estriol releasing lUD has been approved for clinical studies. The program
has been delayed by the fact that liability insurance for the devices is dif-

ficult to obtain. The proposed studies will utilize subjects scheduled for _
hysterectomies and will initially assess the effect of the released estriol

on the endometrium. If estrogen induced hyperplasia of the endometrium is

observed in the hysterectomy specimens, then the project will be discontinued.

During the current year, an attempt was made to promote research on vaginal
barrier methods of contraception. These methods are appealing in that serious
side effects are less likely to occur with their usage. Review of the proposals
received strongly suggests that additional solicitations in this area should
be issued which would include strict guidelines for both the R&D component and
the clinical trials phase.

15



Clinical Studies (FeinaJ.e ) ^
Studies on the efficacy and safety of ethynyl estradiol and conjugated equine
estrogens as postcoital contraceptive agents have been completed. The effi-
cacy of high doses of estrogens administered after a single midcycle exposure
was excellent if the treatment was initiated within 48 hours of sexual expo-
sure. There were no serious side effects encountered, although a majority of

the patients reported gastrointestinal disturbances. There is no question
that this form of therapy represents an emergency treatment and should not bjk

viewed as an alternative to other accepted methods of fertility regulation.

Phase I clinical studies on norethindrone enanthate as a long-acting inject-
able contraceptive agent suggest that this drug does not initially have the

potential to be efficacious for periods exceeding eight weeks. Consequently,

the emphasis has shifted from 84 day (3 months) injection intervals to 56 day

(2 months) injection intervals. Evaluation of hormonal patterns and cervical

mucus characteristics suggests a dual mechanism of action. Extended Phase II

clinical studies are awaiting a decision by the FDA. We are encouraged by

the fact that clinical studies sponsored outside of the USA by other agencies
have demonstrated high efficacy for the drug when the injection interval was

shortened from once-every-three-months to once-every-two-months or when the

once-every-three months regimen was preceded by 3 cycles of once-every-two-
months injections.

Clinical trial of two methods of natural family planning has been in progress
for a period of 30 months. Enrollment of subjects has been relatively low

until a new outreach program has been implemented. Although the data must %
still be considered preliminary, there is no question that the dropout rate

has been very high. The design of the study may magnify the dropout rate,

and the observed rate may not be necessarily a reflection on non-research
oriented natural family planning programs. Life table analysis of failure

rates is hampered by a low number of exposure cycles among long-term users of

either method. Although use-effectiveness rates for the ovulation and sympto-

thermal methods appear to be different, the preliminary nature of the data

precludes evaluation of effectiveness at this time. In subjects who adhere

to the rules defining the fertile period for either one of the methods, the

failure rates have been very low. In addition to data reflecting on the

clinical efficacy of the two methods, the project is accumulating information
dealing with teaching technologies and outreach approaches which can have

important influences on national programs.

In conjunction with HSA, we are investigating whether menstrual cycle data

and sexual activity during cycles can be computerized and whether computer

programs aimed at analysis of such data are of help to teachers and clients ^
of natural family planning methods. Preliminary data suggest that this is

indeed the case, but additional studies in this area are needed.

Clinical Studies (Male)

Studies dealing with the potential use of testosterone enanthate (TE) as a

male contraceptive agent have been completed. Among the injection schedules

employed in these studies, only the once-a-week injection of 200 mg of TE ^
consistently induced azoospermia or severe oligospermia. Less frequent
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initial injections or spacing of injections after initial induction was asso-

ciated with less complete suppression of spermatogenesis. The once-a-week

injection of 200 mg of TE is associated with elevated levels of serum testos-

terone which are not considered desirable. Some additional studies on the use

of TE for spermatogenesis suppression are needed. However, these studies will

have to be delayed until pharmacokinetics of injected TE are studied. At the

present time it does not appear that TE by itself will prove to be a practical

male contraceptive. The completed studies, however, provide useful information

on spermatogenesis suppression and can serve as a model for studies with other

drugs. One of the critical practical issues that remains to be resolved is

the issue of the relationship between severe oligospermia and infertility.

Although many infertile men are oligospermic, it is not known whether a normal

male becomes infertile when his sperm count is depressed. The answer to this

question is important, since oligospermia is much more readily achieved than

azoospermia.

Hormone Distribution Program

The distribution program continues to be a small but an important phase of CDB

operation. The demand for hormonal reagents and test kits has been very high.

The nonhuman primate pregnancy diagnostic kit is being used routinely in sev-

eral primate colonies and its use will increase as scarcity of research pri-

mates becomes greater. It is hoped that RIA kits for primate LH which are

badly needed by the scientific community will become available for distribu-

tion in the near future. Reagents for which CDB is directly responsible in-

clude: (1) LH-RH, (2) hCG and its subunits, (3) subunits of ovine LH, (4) RIA

kits for nonhuman primate FSH, and (5) pregnancy diagnosis kits for nonhuman

primates. The distribution program is a joint venture among CDB, RRB-NICHD

and NIAMDD.

B. Directed Fundamental Research

The support of fundamental research component is being phased out, and some of

the research endeavors previously supported by contracts are currently being

shifted to grants. Historically the program has been very productive and has

provided important information concerning possible mechanisms of action of

contraceptive drugs, as well as leads for the synthesis of antif ertility agents.

Studies in the Female

Ovulation Detection

A phototransducer for ovulation detection showed good promise in the rabbit

but encountered difficulties when applied to the monkey. The signal is not

of sufficient clarity to permit unequivocal detection of the cumulus mass in

the ampulla.

Efforts toward detection of pregnanediol glucuronide in human urine as a means

of establishing that the corpus luteum is functioning and that ovulation has

taken place have been partially successful. The concentration of pregnanediol

glucuronide in urine was clearly elevated on the day of ovulation, i.e., 24 to

48 hours after the peak concentration of LH in serum. This relationship was
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evident whether the coijcentration of pregnanediol glucuronide was measured irjp'

full 24-hour urine collections, in morning specimens only, or in specimens ^
from the remaining part of the day. Therefore, the feasibility of detecting
ovulation by this assay seems reasonably well assured.

Research on prediction of ovulation has been held in abeyance, since there is

little information that the endpoints investigated lend themselves to practi-
cal interpretation. There is no question that accurate objective predictors
of ovulation can be of help in the management of both fertility and infertili^

The Oviduct

Research in this area has been essentially completed. As a result of bioengi-
neering efforts, a microminiature force transducer was developed. Techniques
for attaching the transducer to a lead assembly with a Parylene ® coating to

protect against corrosion were also developed. The assemblies have a lifetime
in chronic experiments of about 60 days. A production run of 300 assembled
gauges and 3000 transducer chips has been completed and the devices are being
made available to qualified investigators.

The Cervix

Research on biochemical and biophysical characteristics of cervical mucus con-
tinues to play a crucial role in our attempts to understand why during differ-
ent phases of the cycle mucus offers a differential resistance to the passage
of spermatozoa. This information impacts not only on the pharmacological
opportunities to manipulate mucus properties for fertility regulation, but al%
contributes to greater appreciation of the relationship of mucus as the criti-
cal element in fertility regulation via abstinence methods.

Comparative studies of sperm penetration into cervical mucus have been per-
formed for human and bull spermatozoa. Human spermatozoa added to estrus cow
mucus exhibit motion, penetrability and viability comparable to that in human
midcycle mucus. The interaction of spermatozoa with mucus can be explained
by the proposed model that describes the mucus as an entangled, ionic macro-
molecular network. Mucus of luteal phase swells after dialysis against normal
saline and becomes remarkably similar to ovulatory mucus.

Studies on Male Reproduction

Chemical approaches to male fertility regulation have not resulted in the
development of useful drugs. This failure is partially due to the fact that
basic function of male reproductive processes are not fully understood. Syn-
thesis and metabolic interconversions of androgens occur in the testis, and ^
appears that different testicular elements have differing steroid and/or meta
bolic activities. Enriched germinal cell preparations have markedly reduced
enzymatic activities relative to somatic cells, and the conversion of testos-
terone and dihydrotestosterone is much greater in somatic cells. Furthermore,
it has been shown that cell preparations containing different stages of germi-
nal cells produce differing proportions of DHT metabolites.

The maintenance of a high androgen gradient in the testes is believed to be ^
closely associated with the presence of a specific androgen binding protein
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(ABP)
.

Studies on ABP have been hampered by the absence of sensitive and
accurate assays specific for ABP. Efforts have been directed toward the puri-
fication of large quantities of ABP and the development of an RIA specific for
this protein. The RIA can serve as a valuable tool in gaining appreciation
of normal physiological changes as well as drug induced changes.

It has been previously reported in rats and rabbits that spermatogenesis can
be controlled with implants releasing testosterone and estradiol. This tech-
nology is currently being applied to studies in male monkeys. The dosages of
testosterone and estradiol that are required to inhibit spermatogenesis are
yet to be determined. If this can be accomplished with physiologic blood
levels of the two hormones, it may represent a possibly useful approach to
male fertility regulation.
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NICHD ANNUAL REPORT M
October 1, 1977 through September 30, 1978 ^

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Large Scale Preparation of Purified Human Chorionic
Gonadotropin

Contract No. : NOl-HD-0-2251
Contractor : Columbia University A'
Money Allocated : $47,300 (FY 70); $85,086 (FY 71); $194,280 (FY 72 for two '

years); $298,897 (FY 74 for two years); $42,000 (FY 75);

$81,394 (FY 76); $87,405 (FY 77); $29,657 (FY 78)

Objectives : The objective of this investigation is to undertake preparation
of large batches of highly purified human chorionic gonadotropin (hCG) . Sec-
ondary goals of this program are (1) to obtain data bearing on the chemical
and immunological characterization of hCG fractions which appear to be homo-
geneous in polypeptide content, but possess differing biological activities,
and (2) to obtain data on the stability of hCG using both immunological and
biological activities as guides.

Major Findings :

1. The purification of Batch CR-123 hCG and its alpha and beta subunits was
completed. An estimate of yields is as follows: (a) crude hCG (Batch 92362)
from Organon 5.0 gm; (b) purified hCG 5.0 gm; (c) purified alpha subunit
1.9 gm; (d) purified beta subunit 1.3 gm. These preparations are awaiting ^
bioassay results prior to being prepared for distribution. %_

2. The investigators have prepared two sets of beta subunit COOH-terminal
reagents from the native beta subunit, i.e., complete with sialic acid. The
first is the 123-145 peptide and the second is the 115-145 peptide. Both were
produced by tryptic digestion of the beta subunit, and are currently being
analyzed.

3. The program for the distribution of hCG reagents sponsored by the Center
for Population Research has continued actively. Virtually all of Batch CR-119
is now exhausted, and we will soon need to ship subunits from Batch CR-123.
At the present time the supply of Batch CR-121 hCG continues to be the main
source for distribution of the native hormone with approximately 3 gm of

unpackaged material remaining.

Significance to Biomedical Research and Program of the Institute : Production
of purified hormonal preparations of importance to reproduction is one of the
goals of the contraceptive development program. ^

Proposed Course : Research should be completed within the current funding
period.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Development of a Laboratory Screening Procedure for

Inhibitors of Progesterone Synthesis
Contract No. : NOl-HD-0-2319
Contractor : Harvard University
Money Allocated : $45,120 (FY 70); $45,500 (FY 71); $83,567 (FY 72);

$181,982 (FY 74 for two years); $38,385 (FY 75);
$109,912 (FY 76); $109,237 (FY 77), $68,977 (FY 78)

Objectives : The objective of the last phase of the contract was to assess the

luteolytic and antifertility potencies of amino glutethimide, its enantiomers,
N-methyl-aminoglutethimide, 16a chloro-pregnenolone and 20a hydroxy-phenyl-
pregnenolone. These compounds are inhibitors of progesterone synthesis.

Major Findings :

Luteolytic potency : The enantiomer, d-aminoglutethimide, is most potent and may
be assigned a potency of 1.0 for comparison purposes. Its 1-enantiomer is 0.1

to 0.25 as active. The dl-racemic mixture is 0.37 to 0.5 times as active. The
racemic mixture of the congener, N-methyl-aminoglutethimide, is about 0.1 to

0.2 times as active as the standard d-aminoglutethimide and based on in vitro
assessment, the d- isomer of this congener is considerably more potent than the

racemic mixture. The steroid 20a hydroxy, 20-phenyl-pregnenolone is 4 times
more potent than the standard.

Antifertility assays : The postcoital assay based upon inhibition of implantation
yielded the following data. At 240 mg/kg/day (for five days) , d-aminoglutethi-
mide was 100% effective. The 1-aminoglutethimide isomer was effective in 80%
of the rats at 300 mgs/kg but sustained a 50% mortality rate. Racemic N-methyl-
aminoglutethimide was effective at 236 mg/kg if administered as a crystalline
suspension and 312 mg/kg administered in sesame oil. It caused no mortality.
The 2 steroids were ineffective at doses up to 160 mgs/kg/day. By post-
implantation assay, d-aminoglutethimide was 100% effective at 100 mgs (11%

mortality) , 1-aminoglutethimide was 50% effective at a dose level of 300 mgs

(50% mortality) and racemic N-methyl-aminoglutethimide was 100% effective at

312 mgs (14% mortality)

.

Replacement with 5 mgs progesterone daily in rats treated with d-aminoglutethi-
mide in the postimplantation assay reversed the effects of the aminoglutethi-
mide in 30% of the animals but 100% reversal was achieved when estrone (1 pg)
and corticosterone (0.5 mgs) supplemented the progesterone treatment.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support development of laboratory screening
procedures for the identification of progesterone biosynthesis inhibitors.

Proposed Course : Termination. Research originally contemplated under this
contract was completed during the current contract period.
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NICHD ANNUAL REPORT ^
October 1, 1977 through September 30, 1978 ^

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Assay of Progesterone Receptor Activity in Guinea Pig Uterus
Contract No. : NOl-HD-1-2228
Contractor : Milton S. Hershey Medical Center
Money Allocated : $20,694 (FY 71); $23,544 (FY 72); $83,519 (FY 73) for two ^.

years; $11,130 (FY 74); $91,696 (FY 75); $94,551 (FY 76); •"
$89,000 (FY 77)

Objectives : The final objective of this contract was the development of an

in vitro bioassay for progestins and antiprogestins.

Major Findings ; Induction of endometrial glycogen deposition is under a variety
of cellular controls. Employing an in vitro organ culture system, we have
investigated several factors which can affect this response. Glycogen accumu-
lation affected by progestins, androgens, estrogens, and glucocorticoids was
linear over 24 h and at several doses. Complete dose-response curves were gen-
erated for a number of steroids with the finding that androgens and estrogens
were effective stimuli at concentrations in the pg/ml range while progestins
and glucocorticoids were effective at ng/ml doses. These steroids were, there-
fore, effective in the culture in the physiological range of circulating hormone
levels. Earlier work had suggested that the specificity of the steroid- induced
glycogen accumulation could be discerned through the use of medium variations.
RNA and protein synthesis inhibitors, and inhibitors of polyamine synthesis. ^
While the magnitude of these effects was related to steroid dose, nonetheless,
progesterone- induced glycogenesis was most susceptible to inhibition by these
agents. The role of these steroids and polyamines in glycogen metabolism has
been further investigated employing two additional inhibitors. Interestingly,
when a,a-difluoro-ornithine, an irreversible inhibitor of ornithine decarboxyl-
ase (GDC), was employed, glycogen accumulation occurred in spite of greater
than 95% inhibition of GDC. This was in marked contrast to earlier studies
which had revealed that inhibition of S-adenosyl-methionine (SAM) decarboxylase
by methylglyoxyl-bis guanalhydrazone (MGBG) prevented steroid-induced glycogen
deposition. This inhibition of SAM decarboxylase and glycogen synthesis could
be overcome by addition of polyamines. Since polyamines are reported to mimic
the effects of metal cations, recent work examined their role in glycogenesis.
Sodium, potassium, and calcium were also found to be effective in reversing
the inhibition by MGBG, suggesting the possible involvement of the steroid at
the cell membrane.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of th'

Contraceptive Development Branch to support studies on the binding character-
istics of steroid receptor systems.

Proposed Course : Terminated. Research objectives were met.

I
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Contraceptive Development Studies for Males: Oral
Steroid Hormone Administration

Contract No. : NOl-HD-1-2234
Contractor : University of Washington School of Medicine
Money Allocated : $118,056 (FY 71) for two years; $58,315 (FY 74)

$123,143 (FY 75); $108,468 (FY 76) $66,811 (FY 77)

Objectives : This contract proposal is designed to evaluate the combined effects
of two androgenic steroids on spermatogenesis when administered to normal adult
human males. The ultimate goal is to develop an effective oral contraceptive
technique for males.

Major Findings : Eighty-one volunteers have been studied on the combination of

danazol (D) , a synthetic analogue of ethinyl testosterone, plus testosterone
enanthate (T.E.), and it has been demonstrated that spermatogenesis could be
inhibited while maintaining normal androgen status. The subjects were divided
into three groups based on the total daily dosage of D administered. Group I

(n=14) : D (400 mg/d) plus T.E. (200 mg/month) produced severe oligospermia
(sperm concentration <5 million/cc) or azoospermia in 8. Group II (n=13)

:

D (600 mg/d) plus T.E. (200 mg/month) produced severe oligospermia or azoo-
spermia in 11. Group III (n=54) : D (800 mg/d) plus T.E. (200 mg/month) pro-

duced severe oligospermia or azoospermia in 46.

To examine whether once severe oligospermia or azoospermia had been achieved,
this state could be maintained with less frequent than daily D administration,
"spacing" studies were performed. Group III-A (n=15) : D (800 mg/d, the first
2 out of 4 weeks) plus T.E. (200 mg/month) maintained oligospermia/azoospermia
in 8 during 12 weeks of spacing. Group III-B (n=ll) : D (800 mg/d, 1 out of 4

weeks) plus T.E. (200 mg/month) maintained oligospermia/azoospermia in 4 during
12 weeks of spacing. Irrespective of the drug combination or duration of

administration seminal fluid sperm concentration returned to the pre-drug
exposure level following cessation of medication in each volunteer. No serious
adverse reactions were encountered. The failure of some subjects to achieve
oligospermia/azoospermia appears to be related to incomplete suppression of

the hypothalamic-pituitary axis as assessed by measurement of serum FSH and LH.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the

Contraceptive Development Branch to support research directed towards develop-
ment of the new male methods of contraception.

Proposed Course : Termination. Study has been completed.

23



NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Biological Testing Facility for the Evaluation of New
Antifertility Drugs and Devices
NOl-HD-2-2746
Mason Research Institute
$84A,057 (FY 72) 30 months; $116,436 (FY 73);
$373,031 (FY 74); $463,828 (FY 75); $583,488 (FY 76);
$725,005 (FY 77); $698,140 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : The objective of this contract program is the establishment of a
biological testing facility capable of broad spectrum evaluation of new drugs
and devices and rapid exploitation of potential leads in the control of fer-
tility. Sources of compounds for testing include contract synthetic programs
supported by the CDB and numerous private, public and governmental labora-
tories throughout the world. The staff of the CDB reviews all compounds sub-
mitted for evaluation to determine the precise manner in which each drug will
be studied.

Major Findings : The testing facility continues to evaluate new drugs and
delivery systems at a rapid pace. Ovariectomized monkeys are used to estab-
lish the estrogenic potency of selected phenolic A-ring steroids. We are also
using this animal model for assessing prolonged suppression of gonadotrophins t^
following injection of long-acting androgens. Certain members of a series of
7a-methyl, 14-dehydro, 19-nortestosterones show marked androgenic potency in
both classical assays and duration tests. It is not clear at this time whether
these compounds have inherent estrogenicity or are metabolized to phenolic A-
ring steroids possessing estrogenic activity and what contribution this makes
to the gonadotrophin suppression action of these drugs. Some synthetic analogs
of luteinizing hormone releasing hormone (LHRH) have exhibited potent anti-
ovulatory activity. Several synthetic steroids are being evaluated for their
ability to suppress estrus (and thus ovulation) over prolonged periods follow-
ing a single injection.

Hormone release rates continue to be monitored from several biodegradable drug
delivery systems. Additionally, blood levels of drugs from oral formulations
of natural hormone esters are being studied as part of the pharmacokinetic pro-
gram.

Significance to Biomedical Research and Program of the Institute : The heart o^
any drug development program is the rapid identification of biological activiqr
and exploitation of promising leads. The ability of the CDB to evaluate com-
pounds and devices in a uniform manner is of great importance to our contract
synthetic program and the stated goals of the Branch.

Proposed Course : This is a continuing contractual effort leading toward the
development of new contraceptives and is an integral part of the contraceptive
development program. ^
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Contract Title
Contract No.

Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Intrauterine Release of Estriol for Contraception
NOl-HD-3-2729
Michael Reese Hospital
$133,233 (FY 74); $172,289 (FY 75); $107,760 (FY 76);
$143,154 (FY 78)

Objectives : The current objectives of this project are: (1) Evaluation of
the long-term effect of intrauterine estriol on endometrial proliferation in
baboons. (2) Evaluation of the effects of an lUD releasing 12.5 yg of estriol
in women.

Major Findings : The continued investigation of lUDs with a membrane of Estrane
5714 indicates that these devices are effective contraceptive agents in the
rabbit. The effective release rate is 0.5 to 1.25 yg/day. Higher rates,
while more effective, decrease implantation in the contralateral horn with the
placebo device thus indicating a systemic effect. A dose of 9 ug/day in the
baboon gave an apparent contraceptive trend but the data were not statisti-
cally significant.

The effect of the estriol releasing devices on the histology and morphology
of the reproductive tract was examined in castrated baboons. No differences
were observed between the placebo and the estriol device at 3.75 yg/day.
Devices releasing 12.5 yg/day, on the other hand, caused typical estrogenic
responses with sex skin changes, cervical hypertrophy, and thickening of the
vaginal and cervical epithelium. In marked contrast to these findings, how-
ever, biopsy samples showed no glandules or stromal proliferation in these
animals. Moreover, 9 yg/day devices had no apparent effects on the reproduc-
tive cycle of regularly cycling baboons nor were there any pathological mani-
festations.

Therefore, 12.5 yg/day devices will be evaluated in a limited number of women
scheduled for hysterectomy. Specific attention will be paid to the determi-
nation of histological changes and effects on the menstrual cycle.

Significance to Biomedical Research and Program of the Institute : Develop-
ment of new contraceptive methods is a stated goal of the Contraceptive Devel-
opment Branch.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing to the development of improved lUDs.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Implantable Bio-Absorbable Capsules as Slow-Release
Contraceptive Drug Delivery Systems
NOl-HD-3-2738
Abcor, Inc.

$254,856 (FY 73 for two years); $160,589 (FY 75);

$129,079 (FY 76); $217,888 (FY 77); $283,560 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : It is proposed to formulate a biodegradable sustained release
drug delivery system consisting of microcapsules containing progesterone. The
system can also be utilized for the delivery of other contraceptive drugs where
sustained long term delivery of the drug is desired.

Major Findings : Biodegradable progesterone microcapsules ("^ 100 pm) were
fabricated by coating progesterone crystals with polylactide pol3rmer in an air

suspension coating chamber. ^ vitro and ±n vivo evaluation of steroid release
from the microcapsules resulted in an initial "burst" followed by uniform
release rates which exceeded a one year period of delivery. Release rates of

the steroid appear to be controlled, in part, by microcapsule size and level
of polj^er coating. Assessment of the polymer coating and microcapsule geo-
metry was determined by scanning electron microscopy and standard light micro-
scopy. A

Studies to determine the degradation rate _in vivo of high and low molecular
weight poly-L(-) lactide polymers were initiated using polymer beads, rods, and

films. The studies are being conducted over a one year period and are approach-

ing completion. Both polymers (implanted subcutaneously and intramuscularly in

rabbits) appear to degrade linearly with time when examined at 2, 4, and 8

months following implantation. Histological evaluation of the implant sites

show unremarkable histopathology , thus far.

Studies were recently initiated to microencapsulate the synthetic progestin,

norethindrone (NET) . NET microcapsules will be evaluated for in vitro release
rates (diffusion) as well as for j^ vivo studies (serum blood levels) in rab-

bits .

Significance to Biomedical Research and Program of the Institute : Development
of new drug delivery systems for contraceptive drugs is one of the goals of

the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing to the development of improved contraceptive technology.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Systems Approach to Vaginal Delivery of Contraceptive Drugs-
Methodology and Mechanism for Absorption
NOl-HD-3-2740
University of Michigan
$126,361 (FY 73 for 2 years); $61,115 (FY 75);
$63,154 (FY 76); $74,360 (FY 77)

Contract No.

Contractor
Money Allocated

Objectives : The objectives were (1) to develop a new pharmacokinetic approach
for evaluating the systemic bioavailability of contraceptive steroidal drugs
delivered via the vaginal route and (2) to apply this approach in the assess-
ment of estradiol, estrone and progesterone delivery via the vagina of the

rhesus monkey.

Major Findings : A method has been very successfully developed for quantifying
first pass vaginal membrane metabolism and to distinguish this from liver and

peripheral tissue metabolism. It involves obtaining steady-state plasma levels
of the steroids and all significant metabolites determined by quantitative
thin-layer chromatography from zero-order vaginal and zero-order intravenous
infusion rate experiments. Data analysis has involved appropriate mathematical
modeling using both sets of data and deducing the values of the pharmacokinetic
parameters.

Studies involving the application of this method to estrone, estradiol and

progesterone are now completed. Vaginal membrane metabolism of infused estrone
and estradiol reduced the blood levels of these steroids by about 55% and 61%,

respectively, of that expected if no membrane metabolism occurred. About 45%

of the estrone absorbed by the membrane appeared directly in the blood as es-

trone and 9% and 46% as estradiol and total conjugates, respectively. The pre-

ferred route of membrane metabolism of estrone was estrone conjugation rather

than reduction to estradiol. When estradiol was infused vaginally, 26% estra-

diol appeared in blood and 35% and 39% as estrone and total conjugates, the

preferred route was the oxidation to estrone rather than estradiol conjugation.

Vaginal membrane metabolism of infused progesterone reduced the blood level of

this steroid to about 15% of that expected if no membrane metabolism occurred.

As with the estrogens, earlier experiments showed there was relatively little

back-diffusion of the progesterone metabolites into the vaginal perfusion sol-

ution; thus, the magnitude of the vaginal membrane metabolism of progesterone

was unexpected. This large effect may be clinically important; therefore,

similar studies in humans could be quite valuable.

Significance to Biomedical Research and Program of the Institute : The study

of drug absorption from the vagina can further our knowledge on the character-

istics of drug absorption from this local site. The work is directly related

to the published purpose of the Contraceptive Development Branch.

Proposed Course : The objectives of this project were completed in FY 78.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : A Study of the Use of Biodegradable Polymers for the
Sustained Delivery of Contraceptive Drugs
NOl-HD-3-2741
Research Triangle Institute
$298,347 (FY 73 for two years); $185,262 (FY 75);
$224,082 (FY 76); $211,983 (FY 77); $210,081 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : To develop a biodegradable polymer reservoir for subdermal deliv-
ery of a contraceptive steroid, e.g. norgestrel, for periods of one year or
longer. The device is designed to provide a constant, efficacious delivery
rate by diffusion control and to biodegrade after the drug is exhausted.

Major Findings : Changes in the viscosity, morphology and tensile properties
of poly(£;-caprolactone) and related polyesters were measured _in. vivo and under
accelerated ^^ vitro conditions in order to characterize the rate and mechanism
of biodegradation and identify the optimum polymer composition. Methods of

preparation of the polyesters with controlled molecular weight were established,
as well as conditions for melt-extrusion and sterilization by y-i^^radiation.

Rates of release of norgestrel from extruded poly(e-caprolactone) capsules were
measured ±n vitro and _in vivo . The kinetics were not affected by y-irradia- ^B
tion or storage, but did vary with the type and proportion of oil used to dis-
perse the drug within the capsule. There was a good correlation between deliv-
ery rates in vivo measured by RIA and excreted radioactivity.

Preclinical toxicology studies in rat, rabbit and hamster were initiated. No

macro- or microscopic toxic effects were observed with poly (e-caprolactone)
capsules and powder in guinea pig and rat, respectively. Monomeric and poly-
meric £-caprolactone and related lactones were inactive in the Ames test for

mutagenicity.

Significance to Biomedical Research and Program of the Institute : Development
of drug delivery systems for contraceptive drugs is one of the stated goals of

the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing to the development of improved contraceptive technology.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Contraceptive Efficacy of Androgen-Estrogen Polydimethyl-

siloxane Implants in Rhesus Monkeys

Contract Number: NOl-HD-3-2745
Contractor : The Johns Hopkins University

Money Allocated: $64,256 (FY 73), $1,400 (FY 74), $84,426 (FY 75)

$111,265 (FY 76), $70,937 (FY 78), $163,604 (FY 79),

$96,217 (FY 80)

Objectives : The overall goal of this study is to design a reversible contra-

ceptive technique for the human male which does not alter sexual behavior,

accessory sex organ function or result in untoward side effects. The immediate

objectives of this proposal are twofold: (1) To define the most efficacious

contraceptive formulation of testosterone and estradiol delivered via PDS sub-

dermal implants to rhesus monkeys; and (2) to test the effect of this contracep-

tive formulation on fertility and erythropoietic system, blood clotting

mechanisms and major organ function in rhesus monkeys.

Major Findings : The investigator has sought to determine the effect of sub-

dermal testosterone-estradiol filled PDS implants on spermatogenesis in rhesus

monkeys. Thus far, 20 male rhesus monkeys have been studied. It has been

possible to demonstrate suppression of spermatogenesis with testosterone and

maximum suppression thus far in monkeys receiving testosterone plus 240 ng of

estradiol per kilogram per day. At this dose of estrogen and 35 yg/kg testos-

terone per day, there appears to be no difference in serum estradiol concen-

tration between treated and control animals. Serum T concentration was nearly

double that of control animals but not statistically different from controls.

It is suggested that these results occurred because gonadotropin secretion and

consequent testosterone secretion were incompletely inhibited by the steroid

treatment. Therefore, the estradiol dosage will have to be increased to com-

pletely inhibit gonadotropin secretion and spermatogenesis. The absolute

dosage and ratio of testosterone and estradiol required to inhibit spermato-

genesis in rhesus monkeys has yet to be determined.

Significance to Biomedical Research and Program of the Institute : Development

of new techniques for the control of fertility in the male is one of the stated

goals of the program.

Proposed Course : This is expected to be a continuing contractual effort leading

towards the development of new contraceptives and is an integral part of the

contraceptive development program.
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Contract No.

Contractor
Money Allocated

NICHD MNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Physiology of the Oviduct
NOl-HD-3-2774
Stanford University Medical School
$112,318 (FY 73); $130,077 (FY 74); $133,799 (FY 75);
$195,422 (FY 76); $20,755 (FY 77)

Objectives : The objective of this investigation is to develop electrodes,
transducers and other instrumentation for study of electrical, mechanical,
pressure, and flow phenomena and to use these instruments to investigate the
functional properties of the muscle coat of the oviduct in intact animals.
By determining changes in properties of the oviductal muscles as a function
of hormonal environment, knowledge will be sought as to the mechanisms which
control oviduct function.

Major Findings : As one of the first projects in this contract an electrode
assembly was developed which clamped onto the surface of the rabbit oviduct
isthmus. It was technically successful on initial use but it was a failure
in chronic implantation and the use of electrodes was later abandoned. The
primary value of the electrodes was to correlate with the sucrose gap studies
and later with the force transducers in acute preparations. No further work
was done with electrodes in the study of oviduct isthmus physiology once it

was realized that the electrodes were unsuitable on chronic preparations. f

Microminiature pressure transducers were also developed under the contract
but never came to point of yielding useful chronic biological experiments for
a variety of technical reasons; primarily because it was difficult to intro-
duce a pressure transducer into the lumen of the oviduct isthmus without seri-
ously disturbing function and the fact that the problem of protein coating of

the sensitive transducer face had not been overcome. A microminiature force
transducer was developed, however, with an overall length of 1.6 ram. Tech-
niques for attaching the transducer to a lead wire assembly and coating the
assembly with Parylene (£,' to protect against corrosion were also developed.
The assemblies have a lifetime in chronic rabbit experiments of about 60 days.
These experiments clearly delineated the contractile activity of the rabbit
oviduct isthmus before, during and after ovulation. It was found that a char-
acteristic, rapid, contractile pattern appears a few hours after ovulation and
gradually disappears. This pattern is consistent, and it is to some degree
propagated toward the uterus.

A production run of 300 assembled gages and 3000 transducer chips has been
completed. These devices are being made available to qualified investigators.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to encourage scientists from other disci-
plines to apply their skills to studies of reproductive function.

i
Proposed Course : The objectives of this project were achieved during FY 78.
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Contract Title
Contract No.

Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Detection of Ovulation in Chronically Instrumented Animals
NOl-HD-3-2791
University of Washington
$95,732 (FY 73); $188,200 (FY 74 for two years);
$108,041 (FY 76); $104,106 (FY 77)

Objectives : To develop an instrumentation technique for detecting ovulation
in animals, and to evaluate this technique in rabbits and monkeys.

Major Findings : A technique was developed utilizing an optical transducer,
applied extraluminally to the ampullar portion of the fallopian tube, which
measures the intensity of light transmitted through the tube. It senses the
ovulated egg with its encompassing cumulus mass as it moves through the lumen
on its way to the site of fertilization. Ampullary ovum transport takes place
within minutes following ovulation, and hence this technique provides hereto-
fore unattainable accuracy in timing ovulation.

Initial evaluation of this method was done in rabbits, and it was shown that
it is approximately 90% successful in detecting ovulation in this species.
The technique has been tested also in chronically instrumented pigtailed mon-
keys (Macaca nemestrina) . The method detects ovulation in this species as
well but with only half the success rate as in rabbits. Results from monkey
experiments where blood levels of the sex hormones were determined, show
luteinizing hormone (LH) reaching a peak concentration 24-48 hours prior to
ovulation, and estradiol (E2) peaking 12-18 hours earlier. The temporal rela-
tionship of the LH and E2 peaks closely resembles that measured in women. The
transducer when permanently implanted does not alter reproductive function;
both rabbits and monkeys delivered normal young after the optical transducer
had been implanted for several months.

Significance to Biomedical Research and Program of the Institute : Accurate
determination of the time of ovulation is of primary interest to the program
of the Contraceptive Development Branch. It may play an important role in
devising strategies for natural family planning.

Proposed Course : The objectives of this project were met during FY 78.

31



NICHD ANNUAL REPORT ^
October 1, 1977 through September 30, 1978 ^

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Dynamics of Spermatogenesis: Quantitative Morphological and

Physiological Characteristics of Isolated Meiotic Cells
NOl-HD-3-2794
The Johns Hopkins University
$84,236 (FY 73 for 2 years), $68,466 (FY 75), $74,057 (FY 7^,

$17,581 (FY 77)

Contract Number
Contractor
Money Allocated

Objectives : This is a proposal to isolate, separate, and characterize meiotic
germ cells in rat testes using the Ig sedimentation system. Uptake and reten-

tion of radioactive steroids (particularly -^HT) by various types of meiotic
cells which have been isolated by gradient analysis will be studied. Further,
efforts will be made to maintain isolated meiotic cells in tissue culture and

to determine if differentiation of these cells occurs.

Major Findings :

(1) The objective of the somatic-germ cell studies was to establish whether
cooperative effects, necessary for germ cell differentiation, exist between
these cell types. During the course of these studies, it was demonstrated
that dissociated testicular cells, under proper in vitro conditions, undergo
complicated movements and reaggregation. The result of these processes is the
formation of multicellulae tissues which become organized into discreet struc-
tures exhibiting many of the characteristics of seminiferous tubules \Xi_ vivo .^
The majority of these structures grow _in vitro, form a surface epithelium com-
posed of somatic cells and develop a fluid-filled cavity. Few or no germinal
cells are present in these structures. However, following addition of isolated
germinal cells to these cultures at a critical stage in their formation, incor-
poration does occur. Thus, it is clear that complex and unique interactions do

occur between dissociated testes cells. Further analyses appear relevant to

understanding testicular development as well as the process of spermatogenesis.

(2) The objective of the second general area of studies has been to establish
whether particular cells of the dissociated testis have differing steroid syn-
thetic and/or metabolic activities. This research has concentrated on the
conversions of testosterone and dihydrotestosterone, and it has been shown that
enriched populations of germinal and somatic cells exhibit markedly different
metabolic capacities. Enriched germinal cell preparations had markedly reduced
enzymatic activities relative to somatic cells. Furthermore, it was shown that
cell preparation containing different stages of germinal cells produced dif-
fering proportions of DHT metabolites. Thus, these results strongly suggest ^
that the type of germinal cells present in the testes may play an important
role in steroid conversions.

Significance to Biomedical Research and Program of the Institute : The experi-
mental approach to studying spermatogenesis presented has considerable impli-
cation for the development of fertility control methods in the male, which is

directly responsive to the stated goals of the program.

Proposed Course : Discontinuation in favor of grant support. v
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Development and Evaluation of a Biodegradable Drug Delivery-

System
NOl-HD-4-2802
Arthur D. Little, Inc.

$60,900 (FY 74); $195,625 (FY 75 for 2 years);
$161,628 (FY 77); $29,242 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : The goal of this program is the development of implantable, bio-

degradable drug reservoirs that provide a constant, controlled release of anti-

fertility agents for three to twelve months.

Major Findings : The practicality of tailoring the chemical composition, mor-

phology, and geometry of glutamic acid/ethyl glutamate copolymers to meet drug

release and biodegradation goals has been demonstrated. Specifically, the

following tasks have been accomplished:

1) Refinement of the synthesis procedure to manufacture reproducible

polymer batches;

2) Demonstration that sustained release systems capable of releasing

drug for at least six months and degrading within one year could be

produced using copolymers composed of 20 mole percent glutamic acid

and 80 mole percent ethyl glutamate;

3) Development of matrix rods capable of releasing progesterone at the

rate of "^^200 yg/day and norethisterone at the rate of 80 ug/day, for

six months and longer;

4) Demonstration by preliminary film permeability studies and ±n vivo

experiments that the design of practical capsules for the release of

levo-norgestrel is feasible;

5) Preliminary determination of the biocompatibility of the copolymers

by means of histopathological examinations and hypersensitivity

screening experiments;

6) Demonstration through radiotracing studies that the copolymers de-

grade into the expected innocuous products, glutamic acid and CO2.

Significance to Biomedical Research and Program of the Institute : Development

of drug delivery systems for contraceptive drugs is one of the stated goals of

the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing to the development of improved contraceptive technology.
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Contract Title
Contract No.

Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Studies on Sperm Transport Through the Cervix
NOl-HD-4-2826
University of Washington
$53,955 (FY 74 for two years); $39,092 (FY 76);
$48,199 (FY 77); $60,897 (FY 78)

Obj ectives : The objectives of this research are to explore the mechanisms of

sperm penetration through the cervical mucus both in vitro and i^ vivo and to

explore whether sperm penetration can be influenced by a variety of chemical
approaches.

Major Findings : Comparative studies of sperm penetration into cervical mucus
have been performed for human spermatozoa and bull spermatozoa. If human
spermatozoa were allowed to penetrate estrus cow cervical mucus, they showed
very rapid unidirectional motion and their overall penetrability and viability
was comparable to that in human midcycle mucus. The interaction of spermato-
zoa with cervical mucus can be explained by the proposed model of the mucus
that describes the mucus as an ensemble of an entangled, ionic macromolecular
network. Structural changes in the mucus were measured by the dynamic laser-
scattering spectroscopy. Mucus of luteal phase swells after dialyzing against
normal saline solution, and it has the molecular structure remarkably similar ^
to that of the ovulatory mucus. The reverse change can -also be achieved by ^
dialyzing midcycle mucus against a solution of high ionic strength. Removal
of sialic acid from ovulatory cow cervical mucus increases the flexibility of

network. However, this may be the result of either the absence of electro-
static effect or a reduction in the size of macromolecules due to the removal
of sialic acid by neuraminidase.

Significance to Biomedical Research and Program of the Institute : Research
dealing with sperm transport through the female reproductive tract is essen-
tial for the formulation of new methods of fertility regulation and is directly
related to the mission of the Contraceptive Development Branch.

Proposed Course : It is anticipated that the objectives of this project will
be met during FY 79.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Biochemical Characteristics of Cervical Mucus of Macaca
Radiata (Bonnet Monkey) During Menstrual Cycle
NOl-HD-4-2829
Harvard Medical School
$197,693 (FY 74 for 3 years); $64,186 (FY 77)

Contract No.

Contractor
Money Allocated

Objectives : In order to understand the changes in the behavior of the cervi-
cal mucus during the menstrual cycle and to relate these changes to the chemi-
cal structure, the glycoprotein components of mucus from the follicular, peri-
ovulatory and pre-menstrual phases were investigated.

Major Findings : The peri-ovulatory phase-mucus contains only two glycoproteins,
whereas the pre-menstrual mucus contains at least four glycoproteins. The pro-
tein moiety of the major glycoproteins contains high proportions of serine and
threonine, cysteine being present only in minor proportions. No protein con-
taining cysteine was found associated with the glycoproteins. The carbohydrate
component of the major glycoproteins from the peri-ovulatory and pre-menstrual
phases showed the presence of L-fucose, D-galactose, N-acetylgalactosamine, and
N-acetylneuraminic acid as sugar residues. The glycoproteins from both phases
showed the presence of sulfate groups and the absence of N-glycolylneuraminic
acid.

The glycoproteins of the two phases exhibit distinct differences in the chemi-
cal structures of the carbohydrate components. These differences are found in
the linkages of the N-acetylneuraminic acid, N-acetylgalactosamine, and D-
galactose residues. The N-acetylneuraminic acid residues of the peri-ovula-
tory phase glycoprotein are linked to C-6 of N-acetylgalactosamine residues
that are adjacent to the protein core, whereas in the pre-menstrual phase the
N-acetylneuraminic acid residues are linked to C-3 of the D-galactose residues
that are remote from the protein moiety. In addition, the""D-galactose and N-
acetylgalactosamine residues of the carbohydrate chains are~linked at C-3 in
the peri-ovulatory phase, whereas in the pre-menstrual phase these residues
are linked at C-6. These results suggest that during the menstrual cycle
various transferases are involved at different levels during the biosynthesis
of the major components of cervical mucus.

Significance to Biomedical Research and Program of the Institute : The work
undertaken on this project provides needed basic information about primate
cervical mucus and is related to the published purpose of the Contraceptive
Development Branch to support studies directed towards the development of new
female contraceptives.

Proposed Course : The objectives of this project were met during FY 78.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Coordinated Approach to the Physicochemical Characterization
of Human Cervical Mucus
NOl-HD-4-2838 ^
University of Pennsylvania

"
$62,676 (FY 74); $85,902 (FY 75); $89,047 (FY 76);
$89,370 (FY 77)

Contract No.

Contractor
Money Allocated

Objectives : To collect individual mucus samples throughout the ovulatory
menstrual cycle and subject them to quantitative measurements of pH, wet and
dry weight, viscoelasticity by microrheometry , sperm penetrability by capillary
tube penetration tests and chemical composition analysis.

Major Findings : Mucus viscoelasticity (VE) was inversely related to penetra-
bility, with maximum penetrability seen during the ovulatory phase. When
mucus was collected three times daily, the first sample of the day had reduced
pH values and elevated nondialyzable solids (NDS) and VE. Rates of mucus pro-
duction were estimated for two cycles; the highest rate was seen in the ovula-
tory phase, with the follicular and luteal phases showing about 50% and 30% of

this rate, respectively. Limited disparities were noted between midcycle
changes in mucus NDS and VE and in blood levels of total estrogens. Mucins
were purified from serum-like proteins in individual mucus samples by gel fil^P
tration in Tris-thiocyanate; the relative concentration of mucin increased
near the time of ovulation. Purified mucin fractions did not contain immuno-
chemically detectable levels of serum proteins, and threonine was the predomi-
nant amino- terminal amino acid. Compositional studies indicate that: 1) mu-
cins are rich in serine and threonine; and 2) that these amino acid fractions
do not depend on the time in the cycle nor vary from individual to individual.
However, sialic acid-to-fucose ratios vary from 0.5 to 1.5, each individual
showing a characteristic value, independent of the menstrual phase. It is

concluded from these studies that mucus viscoelasticity is controlled predomi-
nantly by changes in the state of hydration and not by changes in composition.

Significance to Biomedical Research and Program of the Institute : The work
undertaken on this project is important in understanding the biophysical and
biochemical character of cervical mucus during normal and abnormal menstrual
cycles and is related to the published purpose of the Contraceptive Develop-
ment Branch to support studies directed towards the development of new female
contraceptives. ^^

Proposed Course : The objectives of this project were met during FY 78.
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Contract No.

Contractor
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Synthesis of Luteolytic Prostanoids
NOl-HD-4-2839
University of Washington
$55,316 (FY 74), eighteen months; $27,658 (FY 76);
$41,151 (FY 77), eighteen months; $13,415 (FY 78)

Objectives : The aim of this research project is the design and synthesis of

prostaglandin analogs displaying increased specificity (and usable potency) as

luteolytic agents in animal tests and decreased smooth muscle activity.

Major Findings : The syntheses of prostaglandins bearing fluorine substituents
from C-16 to the oj-terminus, and the synthesis of analogs bearing two (and

three) of the beneficial structural modifications listed below, in order to

determine the principles which govern additivity of luteospecif icity and po-

tency, have been completed. The key findings to date are: 1) Perf luorination
of the oj-chain reduces side-effect model assay potencies dramatically (by a

factor of 100 or more) , but also decreases luteolytic potency (by a factor of

7); 2) The ll-keto strategy does not combine productively with the following:

17 ,17-dimethylation, 8, 12-epimerization, or 13,14-dihydro ; 3) 17 ,17-dimethyla-

tion does not impart further luteospecif icity to 13 ,14-dihydro-prostaglandins
nor to 8, 12-epi-PGE2 (specificity remains unchanged with some loss in potency);

4) The analogs needed to test the additivity of the 8,12-epi and 13,14-dihydro
strategies have been prepared. Preliminary testing indicates dramatically
reduced smooth muscle activity but the effective doses for antifertility are

not yet established; 5) 8,12-epi-PGE2 (and its analogs) display enhanced anti-

fertility potency at days 0-2 in the hamster, possibly due to the action on

ovum transport.

In summary, five analogs with specificity for luteolysis increased 35-70-fold

have been prepared in this period and a set of principles governing the addi-

tivity of specificity changes associated with structural variation has evolved

which should lead to even more specific analogs with improved potency.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly relevant to the purposes of the Contra-

ceptive Development Branch to support the synthesis and evaluation of prosta-

glandins and related analogs for contraceptive utility.

Proposed Course : Termination. Continuation of this contractual effort will

be realized, in part, under contract number NOl-HD-8-2808

.

37



NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Synthesis of Antif ertility Compounds. Novel Compounds
Structurally Related to Steroids.
NOl-HD-4-2846
Oklahoma State University
$17,575 (FY 74); $11,155 (FY 75); $39,971 (FY 76);
$78,863 (FY 77 for eighteen months)

Contract No.

Contractor
Money Allocated

Objectives : The purpose of this project is to synthesize analogs of contra-
ceptive steroids in which the B/C rings have been separated by a four-mem-
bered ring. These compounds will be tested for the antif ertility activity.

Major Findings : Finally dl-18-norcyclobuta-BC-estrone has been synthesized
by a Dieckman cyclization of the corresponding nor ester and subsequent ther-
mal decarboxylation to a mixture of cyclobuta-BC-18-norestrone and cyclobuta-
BC-18-isonorestrone. Separation and purification of these isomers are cur-
rently being attempted by the preparative HPLC. It is anticipated that the
target compound, dl-cyclobuta-BC-estrone will be obtained in a manner similar
to that of the cyclobuta-18-nor series. Introduction of an angular methyl
group was achieved by Michael addition of lithium dimethyl cuprate to the
a, B-unsaturate ketone. The enolate of the angular methyl ketone was trapped
by acetic anhydride to afford an enol acetate. This permitted oxidation to ^
the diacid mixture, which will be finally led to the desired target compound
(ring D contraction) . Full characterization of these compounds will be con-
firmed through single crystal X-ray analysis hopefully after purification (or

resolution) . None of the cyclobuta-BC estrone homologs submitted for testing
showed significant biological activity.

Significance to Biomedical Research and Program of the Institute : The work
undertaken. in this project is directly relevant to the purpose of the Contra-
ceptive Development Branch to support the synthesis and evaluation of novel
steroidal compounds for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new chemical contraceptives and is an integral
part of the contraceptive development program.
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Contract No.

Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Development of an Intracervical Device
NOl-HD-4-2852
Wayne State University
$157,388 (FY 74 for 2 years); $63,291 (FY 77)

Objectives : It is proposed to develop a progestagen releasing intracervical
device and to conduct clinical trials to determine its local and systemic
effects

.

Major Findings : Several prototype devices have been developed and tested.
Two devices were selected for human studies. They consisted of a polypropy-
lene tubing with retaining arms concentric with an external Silastic cylinder
containing the drug. In the second prototype device the length of the retain-
ing arms was increased by 2mm. Both devices were tested in 10 women for up
to 60 days each. The results, for the latter device, were generally satis-
factory and adequate retention was achieved.

Along with clinical studies release rates for levonorgestrel and norethindrone
for women were investigated. Target release rates for levonorgestrel and nore-
thindrone were established at 20-25 ug/day and 50 yg/day. Subsequent in vitro
performance of the proposed delivery system demonstrated that it was possible
to meet these requirements with systems that had a theoretical useful lifetime
of at least five years.

Local 90 day toxicity and drug distribution studies were performed in rabbits.
No untoward effects due to the device or to either of the progestins were ob-
served. Toxicologic studies were initiated in Erythrocebus Patas monkeys in

conformity with FDA requirements. The result of these studies which are now
partially completed are being evaluated. Future animal or human tests will
depend on the outcome of these analyses.

Significance to Biomedical Research and Program of the Institute : Development
of new contraceptive methods is a stated goal of the Contraceptive Development
Branch.

Proposed Course : This project has been temporarily suspended pending results
of initial clinical evaluation of the same device by the World Health Organi-
zation.
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Contract No.

Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Primate Testing Facility
NOl-HD-5-2810
Southwest Foundation for Research and Education
$120,279 (FY 75) 18 months; $110,202 (FY 76);
$133,787 (FY 77); $83,286 (FY 78)

Objectives : The purpose of this project is to establish and maintain a baboon
colony for the evaluation of antif ertility agents and devices submitted by the
Contraceptive Development Branch. Sixty female and eight male baboons are in-
dividually housed for exclusive use in the breeding program. An additional
nine ovariectomized and nine ovariectomized/hysterectomized animals are being
used to assess estrogenic potency based upon changes in sex skin and with-
drawal bleeding patterns.

Major Findings : The initial observation that a "superagonist" of luteinizing
hormone releasing hormone (LHRH) exhibited postcoital antif ertility activity
in the baboon could not be substantiated in subsequent tests. The postcoital
activity of several estrogenic steroids appears no greater than one would pre-
dict on the basis of their hormonal potency. Thus a separation of classical
estrogenic and postcoital contraceptive activities has not been demonstrated
in the baboon. ^
Far greater plasma estradiol levels (peaks) were achieved following a single
oral dose of estradiol than after an equimolar dose of estradiol undecanoate.
Whether the high transient peak levels are necessary for ovulation suppression
has not been established.

The contractor is studying the use of progesterone to stabilize the sex skin
and withdrawal bleeding response of ovariectomized/hysterectomized or ovari-
ectomized baboons to estrogens.

Significance to Biomedical Research and Program of the Institute : The primate
testing facility is an essential component of our drug evaluation program and
directly relevant to the purposes of CDB activities. The need for careful
assessment of candidates for clinical trial in subhuman primates is recognized
in all contraceptive development programs.

Proposed Course : This is the terminal year for this contract. ^
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Contract No.

Contractor
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Development of a Long-Acting Injectable Contraceptive
NOl-HD-5-2817
Schering AG
$1,211,168 (FY 75) 3 years

Objectives : The purpose of this contract program is to acquire sufficient
data to support the filing of a New Drug Application (NDA) on norethindrone
enanthate, a long-acting progestational agent. This will require support of

preclinical, clinical and long-term drug safety studies.

Major Findings : Two year terminal sacrifices in two separate rat toxicity
studies have been completed. Data from these studies are being assembled into

a final report for submission to the Food and Drug Administration (FDA) . Two
year interim sacrifices from the 7-year dog and 10-year monkey drug safety
studies have been completed. The data from these studies are being reviewed
by sponsor and CDB staff prior to submission to FDA. All Phase I clinical
trials have been completed and sera have been shipped to a subcontractor for

analysis of hormone levels and metabolic studies. No untoward reactions have
occurred in any clinical studies.

CDB staff and sponsor expect to meet with the FDA within a few months to re-

view all submissions to date and to obtain approval to initiate Phase III

clinical trials, the protocols for which have already been accepted.

Significance to Biomedical Research and Program of the Institute : The develop-
ment of a long-acting injectable contraceptive is directly related to the goals

of the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort

encompassing completion of all preclinical and clinical requirements for the

filing of a New Drug Application (NDA) and long-term drug safety studies in

dogs and monkeys.
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Contractor
Contract No.
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NICKD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Chemical Contraceptives for the Male and Female
Stanford Research Institute
NOl-HD-5-2844
$435,180 (FY 75); $210,840 (FY 76); $100,440 (FY 77)

Objectives : The purpose of the project during this final contract period was
to synthesize 11-substituted estratrienes as postcoital contraceptive agents.

Major Findings : Chemical methods for introducing an 116-chloro substituent to

the estrone nucleus and an llS-hydroxy substituent to the 7a-methylestrone
nucleus have been achieved, however, the projected route to introduce 6,6-
difluoro and llB-acetamido substituents failed. A total of 16 new compounds
in the estrone, 7a-methylestrone, ethynylestradiol or 176-ethylestratriene
series were submitted for estrogenic and postcoital assays. Some of the com-
pounds have achieved the goal of lowering estrogenicity in the 17S-ethyl series
and increasing estrogenicity in the ethynylestradiol series. Postcoital anti-
fertility assays are currently being conducted on the compounds submitted.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-
ceptive Development Branch to support the synthesis and evaluation of modifi-^
cations of steroids for contraceptive utility.

Proposed Course : Termination. The major synthetic objectives have been com-
pleted.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Detection of Ovulation by a Steroid Indicator
Contract Number : NOl-HD- 5-2849

Contractor : The Abraham Lincoln School of Medicine
Money Allocated : $40,932 (FY 75), $41,670 (FY 76) $43,426 (FY 77) $49,943

(FY 78)

Objectives : The proposed study is designed to test the effectiveness of an

indicator designed to ascertain the occurrence of ovulation in women. The
indicator will detect semiquantitatively the postoAAilatory rise in either
progesterone or a progesterone metabolite in saliva or pregnanediol-3-glucu-
ronide in urine.

Major Findings : Pregnanediol glucuronide conjugated to thyroglobulin by the

use of isobutylchloroformate has provided a good antigen. At this time 20%

binding of H-pregnanediol (15,000 dpm) has been observed in serum of one rabbit

at a dilution of 1/1000. The titer has been increasing with each booster injec-

tion and two other rabbits appear to be developing an adequate titer also.

H-pregnanediol glucuronide has been prepared that is chromatographically pure.

This tracer will allow the investigator to titrate more accurately the antisera

produced, since it is the pregnanediol glucuronide that they plan to measure in

urine by the immunoassay procedure. In subjects, the concentration of preg-

nanediol glucuronide in urine was clearly elevated on the day of ovulation,
i.e., 24 to 48 hours after the peak concentration of LH in serum. This rela-

tionship was evident whether the concentration of pregnanediol glucuronide was

measured in full 24-hour urine collections, in morning specimens only, or in

specimens from the remaining part of the day. Therefore, the feasibility of

detecting ovulation by assay of the concentration of pregnanediol glucuronide
in urine seems reasonably well assured.

Small batches of antisera to pregnanediol glucuronide have been conjugated with
fluorescein isothiocyanate, which however have shown lower efficiency, probably
due to the lower concentration of antibodies in the serum. When antisera with
a higher titer have been accumulated larger batches of the fluorescein conjugate
will be prepared.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to support research directed towards

development of new female methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort leading

toward the development of new contraceptives and is an integral part of the

contraceptive development program.
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October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Synthetic Chemical Facility
NOl-HD- 5-2857
Southwest Foundation for Research and Education
$114,584 (FY 75); $111,844 (FY 76); $122,136 (FY 77)

Objective : The purpose of this project is to have this synthetic chemical
facility synthesize rapidly, laboratory scale quantities of specific compounds
required by the CDB for contraceptive investigation.

Major Findings : During the final year of the contract a total of fifteen com-
pounds have been synthesized. These include 7a-methyl-19-nortestosterone, and
several esters including cypionates and the corresponding 5a-dihydro compound
in sufficient quantities for androgenic potency following subcutaneous and
oral administration in the Hershberger test and for duration of androgenic
activity following a single subcutaneous injection (in rats). For comparison,
7a-methyl-19-nortestosterone enanthate was prepared in 4.94 gram quantities.
Most of the esters tested appear to be superior to testosterone enanthate.
11-Ketoestrone has been prepared from 116-hydroxy-17-ethylenedioxyandrosta-
l,4-dien-3-one and the stereochemical problems encountered with this product
were clearly resolved. Two hundred grams of estrone have been converted in 4

steps to 3-benzyloxy-17-ethylenedioxy-lla-hydroxy-9a-estra-l,3,5(10)-triene. A
Part of this is being converted to the lla-diethylaminoethyl ether and part i^
being oxidized to give the 11-keto product. The 11-keto product is to be used
for the preparation of 116-ethyl-176-hydroxy-17a-ethynylestra-4-en-3-one for
antiovulation test. 7a-Methyl-norethindrone and its enanthate were prepared
by modification of the previously known procedure (7-8 steps) from 7ct-methyl-
estrone and submitted for testing. In addition to the above, radiolabelled
syntheses of several derivatives of 6, 7-tritiated estradiol have been carried
out for our metabolism studies.

A large scale (461 g) optical resolution of (+) -7-carboxytricyclo [2 . 2 . 1 . 0]^ '

^

heptane-3-one which is a prostaglandin intermediate was carried out in sixteen
batches. The crystallizations were done so that the time required was mini-
mized and gave a high yield of optically pure product.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Con-
traceptive Development Branch to support the synthesis of specific steroidal
and nonsteroidal compounds for evaluation for contraceptive utility. ^
Proposed Course : This is the terminal year for this contract.
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Contract No.

Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Specific Immunization Against FSH as a Male Contraceptive
NOl-HD-6-2651
University of Colorado Medical Center
$40,671 (FY 76); $41,657 (FY 77)

Objectives : The objective of this project is to develop a specific immune-
based male contraceptive. In the male, luteinizing hormone is responsible
for testosterone synthesis and initiation of spermatogenesis, while follicle
stimulating hormone (FSH) is required for sperm maturation. If specific anti-
bodies against FSH could be raised, the possibility exists for a male contra-
ceptive which would not disturb normal male characteristics.

Major Findings : To prevent undesirable side effects due to cross-reaction of
the antibodies with LH and TSH (which might be anticipated if the entire hor-
mone or the 6-chain were used as antigen) , immunizations are being done with
peptides comprising unique areas of the FSH molecule where no homology exists
with LH or TSH. These areas of the FSH g-chain are at amino acid residues
39-50, 67-75 and 95-118. These areas are being synthesized, conjugated to
bovine serum albumin and the resulting conjugates used for immunization of
male rabbits. Various peptides and conjugates of regions 39-50, 95-110 and
111-118 have been used as antigens so far; all produced antibodies against
the peptide, but none of the antisera reacted with intact FSH. Some of these
sera stained certain pituitary cells by the histochemical peroxidase tech-
nique; the reason for this reactivity is being sought. The 67-75 region of
FSH-6, containing two histidines, caused serious problems in synthesis, but
this synthesis and conjugation have now been completed. The entire 95-118
area has now been synthesized and conjugated to BSA to see if use of a longer
peptide sequence antigen will give antibodies able to neutralize FSH.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-
ceptive Development Branch to support the development of a specific immune-
based male contraceptive.

Proposed Course : Termination. Continuation of this contractual effort will
be realized under contract number NOl-HD-8-2814.
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Contract Title
Contract No.

Contractor
Money Allocated

Chemical Contraceptives for the Male and Female
NOl-HD-6-2814
Research Triangle Institute
$294,449 (FY 75); $350,933 (FY 76); $104,621 (FY 77)

Objectives : The purpose of this project is to synthesize 7a-methyl-androstene
and 7a-methyl-19-norandrostene derivatives as female contraceptive agents.

Major Findings : In view of previous findings of strong biological activity
conferred by the presence of a 7c(-methyl group, this substituent remained con-
stant throughout the studies. Furthermore, in view of the findings that 2-

methyl substituents in this series had a strong effect upon hormonal and anti-
fertility activity, major emphasis was placed upon the formation of other 2-

substituted analogs. Introduction of a A^ bond into the potent androgen and
antif ertility agent, 7a-methyl-176-hydroxyandrost-5-ene-3-one, resulted in a

marked reduction in androgenic potency (although the compound is still moder-
ately androgenic) . Further modification by reduction to the 36-hydroxy deriv-
ative gave another marked decrease in androgenic activity. Neither of these
changes resulted in a significant diminishing of antifertility activity, and
no increase in uterotropic activity was observed. Introduction of polar or
highly electronegative substituents (e.g., F, OH, SH, NHAc) into the 2 position
resulted in an even more marked decrease in androgenic potency. Furthermore, '
the uterotropic potency was also decreased. There was modest evidence in some
cases for the presence of an antiestrogenic effect. This was unlikely to be
due to interference with binding to the estrogen receptor, as this series of
compounds was generally shown to be inactive in competitive binding studies
with tritium labeled estradiol. Some of the compounds were therefore tested
for their ability to interfere with the aromatase enzyme system which converts
androstenedione to estrone and estradiol. The most potent aromatase inhibitor
of this series to date is 2-f luoro-176-hydroxy-7a-methylandrosta-l, 4-dien-3-
one. This compound is an effective antifertility agent also in the hamster,
but the hormonal activities and the limit of antif ertility activity have not
yet been established.

In summary, the pursuit of the original observation of sensitivity of biologi-
cal activity to the substituents in the 2 position has lead to other active
compounds. These compounds exhibit reduced androgenic and estrogenic activity.
They may be effective by a different mechanism from the previous compounds in
this series, and thus form a basis for further work along these lines. Cer- $
tain of them may be of sufficient interest for testing in other animal species.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-
ceptive Development Branch to support the synthesis and evaluation of modifi-
cations of steroids for contraceptive utility.

Proposed Course : Termination. Continuation of this contractual effort will IW
realized, in part, under contract number NOl-HD-8-2811

.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Contraceptive Development Studies for Males: Parenteral
Testosterone Administration
NOl-HD-6-2815
University of Washington
$236,966 (FY 76 for two years); $28,557 (FY 77)-
$157,278 (FY 77)

Contract No.

Contractor
Money Allocated

Objectives: This contract proposal is designed to evaluate the clinical safe-
ty, efficacy, and acceptability of intermittently administered testosterone
enanthate as a single agent to produce reversible azoospermia in the human
male. Such data would permit us to evaluate this concept of controlling male
fertility in anticipation of the availability of new and more potent androgens.

Major Findings :

1. Testosterone enanthate administered 200 mg/wk. induces oligospermia or
azoospermia in 93% of the volunteers who received the drug for at least
6 months.

2. Testosterone enanthate administered 200 mg/2 wks . is less effective; 42%
of the men reached oligo/azoospermia levels within 6 months. One volunteer
became oligospermic only after 8 months.

3. Both "spacing" doses of testosterone (200 mg/mo. and 400 mg/mo.) maintained
oligo/azoospermia levels during the first 3 months of the spacing regimen.
Escape occurred to levels greater than 20 M/ml during the second three
months of spacing. This would indicate that single monthly injections of
testosterone in doses of 200 mg/mo. or 400 mg/mo. will not be sufficient
to maintain oligo/azoospermia levels for an optimum period of time.

4. At the end of 6 months of the recovery period, 26 out of 27 men have
demonstrated sperm counts at levels within their control range.

5. No serious drug-related patterns of adverse reactions were noted. Drug
exposure was discontinued in 3 men. Two noted increased acne and one com-
plained of fluctuations in libido. All three men returned to their normal
status within 5 months of cessation of injections.

6. Only one volunteer noted a drug-related decrease in libido and sexual
potentia. The incidence and magnitude of gynecomastia and weight gain is
considered to be at acceptable levels.

7. No persistent or significant pattern of change was noted in terms of any
of the toxicology evaluations performed. No individual was dropped from
the drug exposure phase because of abnormal laboratory values.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support research directed towards develop-
ment of new male methods of contraception.

Proposed Course : Completion.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Clinical Evaluation of Testosterone Enanthate for Induction
of Reversible Azoospermia in the Human Male

Contract No. : NOl-HD-6-2816
Contractor : Baylor College of Medicine
Money Allocated: $59,124 (FY 76); $50,688 (FY 77)

Objectives : This contract proposal is designed to evaluate the clinical safety,
efficacy, and acceptability of intermittently administered testosterone enan-
thate as a single agent to produce reversible azoospermia in the human male.
Such data would permit us to evaluate this concept of controlling male fertility
in anticipation of the availability of new and more potent androgens.

Major Findings : Two hundred rag of testosterone enanthate given weekly caused a

significant increase in the concentration of testosterone in serum and suppres-
sed the concentrations of FSH and LH to very low or undetectable levels. After
12 weeks of this therapeutic regimen, sperm density was suppressed in all 20 men.
However, only 11 men achieved sperm counts of less than or equal to one million
sperm/ml . Three men still had greater than 10 million sperm/ml of semen. When
200 mg of testosterone enanthate was given every three weeks, the serum concen-
trations of FSH and LH normalized and the levels of testosterone were slightly
below control values when assessed just prior to each injection. After 36 we^
of the maintenance regimen, only two men had fewer than one million sperm/ml o^
semen.

The mean sperm density returned to control levels 12 weeks after cessation of
treatment. However, the values for four subjects were still suppressed when
evaluated after 20 weeks after stopping treatment.

These observations support the concept of using an exogenous androgen to induce
azoospermia or severe oligospermia in man and indicate that the suppression is
reversible. These data and the data of others have demonstrated that testos-
terone enanthate can suppress serum levels of FSH and LH and induce severe
oligospermia. However, maximum suppression appears to require many weeks and
a very rigid therapeutic schedule. It will be necessary to develop new andro-
gens which can be given orally and which would maintain uniform and physiological
levels in the blood if this approach to the development of an effective, accept-
able and safe male contraceptive is to be pursued.

Significance to Biomedical Research and Program of the Institute : The work ^
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support research directed towards develop-
ment of new male methods of contraception.

Proposed Course : Termination. Study has been completed.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Clinical Evaluation of Testosterone Enanthate for
Induction of Reversible Azoospermia in the Human Male

Contract No. : NOl-HD-6-2817
Contractor : Professional Staff Association of Los Angeles
Money Allocated : $94,551 (FY 76), $102,900 (FY 77), $63,552 (FY 78),

$24,198 (FY 78)

Objectives : This contract proposal is designed to evaluate the clinical safety,
efficacy, and acceptability of intermittently administered testosterone enan-
thate as a single agent to produce reversible azoospermia in the human male.
Such data would permit us to evaluate this concept of controlling male fertility
in anticipation of the availability of new and more potent androgens.

Major Findings : Testosterone enanthate (TE) was administered IM to 39 normal
adult men (age 21-39) to assess its efficacy as a suppressor of spermatogenesis
and to determine possible adverse effects. Seventeen subjects (Group A)
received TE (200 mg/wk) for 16 to 20 weeks: 16/17 had lowered sperm counts to
<5 million/cc; 11/17 to <300,000; and 10/17 became azoospermic. Group B
received TE (200 mg/2 wk) ; in 10/22 sperm counts were <5 million/cc at 16 weeks;
9/22 to <300,000; and 5/22 azoospermic; when those with sperm counts of >5
million/cc were switched to weekly treatment (additional 3-16 weeks), 9/12
lowered sperm counts to <5 million/cc. Overall, 19/22 of Group B attained this
level. Serum LH and FSH were decreased on both regimens. These effects were
dose-related. Mean serum testosterone was elevated above control (64%) in
Group A, but remained at basal levels 2 weeks after TE injection in Group B.
Decreasing the frequency of TE (3 or 4 weeks) resulted in a rebound of FSH and
LH above baseline and increased sperm counts. After discontinuing treatment,
sperm counts and hormonal measurements returned to normal. Modest increase in
body weight, red cell mass, oiliness of skin and mild acne were seen in some
subjects. Liver function tests, glucose tolerance, blood lipids and renal
function were unchanged.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support research directed towards develop-
ment of new male methods of contraception.

Proposed Course : Termination. Study has been completed.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Evaluation of Two Methods of Natural Family Planning
Contract No. : NOl-HD-6-2826
Contractor : Cedars-Sinai Medical Center
Money Allocated : $538,183 (FY 76); $353,000 (FY 77); $542,839 (FY 78) ^
Ob.i ectives : The objective of this clinical trial is to evaluate and compare

the efficacy of two methods of natural family planning (ovulation and sympto-
thermic) in a heterogeneous American population. The study will attempt to

enroll 750 individuals into each one of the methods. It is anticipated that

at the end of the three-year contract period there should be definitive data
concerning the efficacy of the ovulation method and a reasonable partition of

failures between method and subject categories. Furthermore, the study should
provide information whether utilization of the mucus symptoms as a method of

family planning can provide a level of efficacy comparable to the more complex
sympto-thermal method. In its design the study will employ a monthly follow-
up examination of menstrual cycles and pregnancy tests.

Major Findings : Enrollment in the project has continued to be low until very

recently when a new outreach program was instituted. At the present time, some

1100 women have expressed an interest in the project and have been randomized.

The dropout rate continues to be in the vicinity of 50%. The overall failure ^
rate is quite high but it is still premature to address ourselves to the com-*
parative failure rates of the respective methods. Among couples using the

methods correctly, failure rates are very low. Due to the slowness in recruit-
ment, it is not likely that the project will be completed within the initially
projected 3-year interval. However, recalculation of subject numbers required
for valid statistical analysis, based on current failure rates, suggests that

only 375 couples will be required in each method.

Significance to Biomedical Research and Program of the Institute : This study
should provide the first in-depth analysis of the efficacy of natural family
planning methods and is directly related to the stated purpose of the Contra-
ceptive Development Branch to support development of fertility regulating
methods.

Proposed Course : Current estimates suggest that the project may require 9-12

months of additional support.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Clinical Investigation of Ethynyl Estradiol as a Postcoital
Contraceptive Agent
NOl-HD-6-2838
Baylor College of Medicine
$67,880 (FY 76); $65,810 (FY 77)

Contract No.

Contractor
Money Allocated

Objectives : The purpose of this project is to study the safety and efficacy
of ethynylestradiol as a postcoital contraceptive agent. A standard dose and
uniform protocols are employed in patients requesting this form of contracep-
tion who meet the rigid criteria for acceptance into the program. The study
is part of a larger program designed to acquire sufficient data on ethynyl-
estradiol to support or refute its use as a postcoital contraceptive. The
investigation is being carried out under IND #11403.

Major Findings : The investigator continues to have some difficulty in recruit-
ing subjects for this program. Ninety-six patients have been admitted to the
study out of 102 interviewed to date. All subjects receive 5 mg. of ethynyl-
estradiol for five consecutive days starting within 72 hours of unprotected
midcycle coital exposure. There have been no pregnancies to date. Almost 80%
of the patients have experienced some degree of nausea and about 30% of the
patients have had vomiting. These were the most common side effects reported.

Significance to Biomedical Research and Program of the Institute : The develop-
ment of new and more acceptable means of postcoital contraceptives is directly
related to the goals of the Contraceptive Development Branch.

Proposed Course: This was the terminal year for this contract.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Clinical Investigation of Ethynyl Estradiol and Conjugated
Equine Estrogens as Postcoital Contraceptive Agents
NOl-HD-6-2840
Magee-Women' s Hospital (University of Pittsburgh)
$31,396 (FY 76); $33,469 (FY 77)

Contract No.

Contractor
Money Allocated

Objectives : The purpose of this project is to study the safety and efficacy
of ethynylestradiol and conjugated equine estrogens as postcoital contracep-
tive agents. A standard dose and uniform protocols are employed in patients
requesting this form of contraception who meet the rigid criteria for accep-
tance into the program. The study is part of a larger program designed to

acquire sufficient data on ethynylestradiol and conjugated equine estrogens
to support or refute their use as postcoital contraceptives. The investiga-
tion is being carried out under IND #11398 and IND #11409.

Major Findings : The investigator has had great difficulty in securing subjects
for study in this program. Thirty-nine patients have been admitted to the
study out of 127 interviewed to date. All subjects received 5 mg. of ethynyl-
estradiol or 30 mg of conjugated equine estrogens daily for five consecutive
days starting within 72 hours of unprotected midcycle coital exposure. One of
the patients who received conjugated equine estrogens became pregnant. The ^
number of subjects in the study is too small to draw any conclusions regarding
the relative efficacy of the two drugs employed or any difference in side
effects. Nausea, however, was reported by almost all subjects.

Significance to Biomedical Research and Program of the Institute : The develop-
ment of new and more acceptable means of postcoital contraception is directly
related to the goals of the Contraceptive Development Branch.

Proposed Course : This was the terminal year for this contract.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Synthesis and Testing of Antagonists of LHRH as Ovulation
Inhibitors
NOl-HD-6-2841
Tulane University
$124,615 (FY 76); $140,229 (FY 77)

Contract No.

Contractor
Money Allocated

Objectives: The purpose of this project is to prepare and evaluate, biologi-
cally, analogs of LHRH which involve modifications of various amino acid resi-
dues in order to produce a potent antiovulatory agent.

Major Findings: A number of LHRH analogs have been synthesized in which
various groups were attached to the £-amino group of [D-Phe^ ,D-Trp3 ,D-Lys6]-
LHRH (I) and in which this analog was dimerized and trimerized by attachment
to a variety of di- and tricarboxylic acids. Simple acylation of I resulted
in little increase in inhibitory activities, however, incorporation of a
second N-terminal pentapeptide gave Na,N£-bis(pGlu-D-Phe-D-Trp-Ser-Tyr)-D-Lys5-
LHRH which was just as active as [D-Phe2 ,D-Trp3 ,D-Phe6] -LHRH in the blockade
of ovulation assay. Dimerization of I with succininc acid gave a very active
analog which resulted in 40% ovulation blockade at 0.5 mg. The isophthalic
acid dimer was the most active member of the family giving 60% blockade with
0.5 mg. Trimers of I with various linking molecules had quite low inhibitory
activities. The isophthalic acid dimer of [D-pGlu^ .D-Phe^ ,D-Trp3 .D-Lys^ ] -LHRH
was the most active inhibitor yet synthesized by this group with 100% blockade
of ovulation at a dose of 250 yg per rat. NC,NO-Bis(pGlu-D-Phe-D-Trp-Ser-Tyr)-
D-p-NH2-Phe^-LHRH was considerably more active than the corresponding D-Lys
peptide. However, the succinyl and isophthalyl dimers of [D-Phe^ ,D-Trp3 ,D-p-
NH2-Phe^]-LHRH were inactive at doses of 1.5 mg.

The antagonist, [D-Phe^.D-Trp^ ,D-Phe6] -LHRH, was able to suppress the LHRH-
induced release of LH and FSH in adult female chimpanzees. While the effects
of a 7 mg injection were marginal, 35 mg caused a 70% reduction in the amount
of LH that was released in response to injections of 10 yg of LHRH given 60
and 120 minutes after injection of the antagonist.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-
ceptive Development Branch to support the synthesis and evaluation of LHRH
analogs for contraceptive utility.

Proposed Course : Termination. Continuation of this contractual effort will
be realized under contract number NOl-HD-8-2819

.
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Contraceptive Development Branch
Contract and Collaborative Research

Isolation and Purification of Rat Androgen Binding Protein
NOl-HD- 6-2842

Baylor College of Medicine
$47,379 (FY 76), $49,421 (FY 77) $53,631 (FY 78) t

Objectives : The purpose of the proposed research is to isolate and purify
androgen binding protein (ABP) , to develop a radioimmunoassay for ABP , and to

prepare radioimmunoassay kits for distribution to the scientific community.
ABP is produced by the Sertoli cells upon stimulation by follicle stimulating
hormone and its function is to transfer androgens to the tubular compartment
of the testis and caput epididymis. Interference with the activity of ABP or
its rate of synthesis could provide a means of selectively influencing the
Sertoli cell response and, in turn, the regulation of spermatogenesis. A spe-
cific and sensitive ABP radioimmunoassay would be very useful for detecting
early changes in ABP concentration in response to FSH or other hormonal treat-
ments.

Major Findings : During the past two years, the P.I. has worked out the condi-
tions necessary to purify large amounts of androgen binding protein from rat
epididymis. This has involved much work to optimize individual steps in the
purification procedures. Problems encountered with stabilization, contaminat:^
proteins, and large scale purification of ABP have all been competently resolVv.,^.

The purified protein has been characterized and established to be authentic ABP.
By a variety of criteria, the nondenatured protein has been determined to be
ABP and different from other androgen binding components, cytoplasmic androgen
receptors and albumin. Now that all of the techniques, both conventional and
affinity, are working perfectly, pure ABP is being accrued for injecting for
antibodies. Injections of pure ABP for antibody production will begin in rab-
bits and sheep. It is anticipated that it will take two months before anti-
bodies will be at peak levels. After a suitable antibody is obtained, it will
be characterized and checked for cross-reactivity with other proteins to make
certain the specificity is adequate before kits are prepared. When the RIA is

operative, from antigen iodination details to suitable antibodies, the system
will be checked for its precision, accuracy, specificity and sensitivity.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support research directed towards develop-^
ment of new male methods of contraception. ^
Proposed Course : This third year should fulfill the stated objectives.
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Contract Title : Potential Peptide Antagonists of LHRH as Ovulation

Inhibitors
NOl-HD-6-2843
University of Colorado Medical Center

$59,348 (FY 76); $39,782 (FY 77)

Contract No.

Contractor
Money Allocated

Objectives : The purpose of this project is to synthesize an inhibitor of

LHRH which is both highly effective and has a long duration of action.

Major Findings : A variety of types of peptides have been produced; 29 new

LRH analogs have been submitted to the CDB for testing. Of these, perhaps

the most exciting new type involves incorporation of a D-aromatic amino acid

into position 1 of LHRH, namely, [Acetyl-D-Trp^D-Phe^ ,D-Trp3 . ^JLHRH, which

appears to be only slightly less active than the corresponding D-p-Glu ana-

log - one of the most potent LRH inhibitors known. Another new departure is

the incorporation of D-thienylalanine at various places in the molecule; assays

on these analogs are not yet available. Several dimeric analogs were synthe-

sized in which LRH inhibitor analogs were linked either at the amino or car-

boxyl ends or in the middle. A cyclic analog was also synthesized to test the

Momany hypothesis that LRH normally exists in a cyclic conformation. Several

D-Lys'^ analogs bearing various substituents on the epsilon amino group of the

lysine were synthesized; the most unusual of these was one in which polylysine

bore several presumed LRH antagonist molecules linked in this way.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly relevant to the purposes of the Contra-

ceptive Development Branch to support the synthesis and evaluation of LHRH

analogs for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing toward the development of new chemical contraceptives and is an integral

part of the contraceptive development program.
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Contractor
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NICHD ANNUAL REPORT
October 1, 1978 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Peptide Antagonists of LHRH as Ovulation Inhibitors
NOl-HD-6-2844
Indiana University Foundation
$66,316 (FY 76); $63,866 (FY 77); $9,594 (FY 78)

Objectives : The purpose of this project is to synthesize potential inhibitors
of luteinizing hormone-releasing hormone (LHRH) in which unnatural and unusual
amino acids are to be substituted for certain natural amino acids in LHRH.

Major Findings : Variations in the 2 and 3 positions of LHRH, both in the pep-
tide backbone and in the amino acid side chains, were made in attempts to find
better antagonists of the natural hormone. The activity of [L-N3-Me-Phe2 ,D-

Phe^jLHRH was not improved by replacing Trp^ by L-N-Me-Phe^, by Pro^ or by D-
Phe^. In the D-Hexahydrophe^ ,D-Phe^ series, replacement of Trp^ by L-Pro^ did
not enhance antagonist activity, but replacement by D-Trp^ provided a better
antagonist (0/10 rats ovulated at 1.5 mg; 3/10 at 1.0 mg) . In the known anta-
gonist [D-Phe^ ' ^' ^]LHRH, substitution of the peptide bond between residues 1

and 2, and 2 and 3 by a depsipeptide bond, to provide a more hydrophobic com-
pound, did not enhance a.ntagonist activity, nor did substitution of the ct-

hydrogen in residue 2 and 3 by a methyl group. Insertion of an ct-methyl on the

His^ residue in order to restrict the rotation at this peptide bond provided ^
weak antagonist [D-a-N-Me-His^ .Phe^ ,D-PheS ]LHRH and antagonist [L-a-N-MeHis^,
Phe'',D-Phe°]LHRH.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-
ceptive Development Branch to support the synthesis and evaluation of potential
inhibitors of LHRH for contraceptive utility.

Proposed Course : Termination. The workscope objectives have been completed.
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Contract Title

Contract No.

Contractor
Money Allocated

Peptide Antagonists of LHRH as Ovulation Inhibitors

NOl-HD-6-2846
University of Texas at Austin

$156,543 (FT 76); $159,999 (FY 77)

Objectives : The objective of this contract is to prepare potent antagonists

of LHRH as potential antiovulatory agents.

Maior Findings: Following the discovery that [D-Phe^ ,Pro3 ,D-Phe5]-LHRH and

fD-Phe-^ Pro^D-Trp6]-LHRH completely inhibited ovulation at 750
^f/^^^'/^^ 3

hat [c;c^D:Phe2!pro3,D-Phe6]-LHRH was as potent, in vitro , as [D-Phe^ ,Pro3

,

D-?he6]-LH^, a series of analogues based on further changes in positions 1,

2, 3, and 6 of LHRH were synthesized and assayed. With the sequence [Resi-

duel D-Phe2,Pro3,D-Phe5]-LHRH, the residues in position 1 were D-<Glu, acetyl,

benzoyl, cy;iohe;ane carboxylic acid, Ac-Met, Hyp, Pro, 2-imidazolidone-4-

carboxyiic'acid (Kic) , and hydrogen (des 1 -analogue) .
The

-f°S-^^^J^/° ,.
inhibit ovulation at 750 yg/rat and were less active, in vitro

,
than the cor

responding Cpc^-analogue. Various analogues based on the sequence, tD-<Glu ,

D^Phe^ Residue 3, D-Phe'] -LHRH were also investigated. The most important con-

clusio; wL tha^ the Pro3-analogue was much less active ^^
^f^ -^^°;f4^°/7

assay than [D-Phe^ ,Pro3 ,D-Phe5 ]-LHRH. This contrasted with the D-Trp ana

!ogue in which the in vivo activity was enhanced. Previously it was shown

that [D-Phe2,Pro3,D::phI^r D-Trp^) ]-LHRH was about as active, in vivo
,

as

[D-Phe2,D-Trp3,D-Trp6]-LHRH.

A scaled-up synthesis of [^-^^^^ ,Pro3 ,D-PheS]-LHRH gave about 3 g of the in-

hibitor for more advanced biological evaluation. 300 ^S f [°/^^ '[H^'
D-Phe6]-LHRH (6 injections at 50 mg/injection) was

^'^™^^"^J^^^^/° f"^^3,,^
rhesus monkeys. A corpus luteum could not be detected m two of the treated

lonkeys whereas a corpus luteum was present in the three control monkeys.

Further results are anticipated in the near future.

Significance to biomedical Research and Program of the Institute :
The work

undertaken in this project is direc tly relevant to ^^^ P^^P^^-.^^
of LH^

ceptive Development Branch to support the synthesis and evaluation of LHRH

analogs for contraceptive utility.

Proposed course : Termination. Continuation of this contractual effort will

be realized, in part, under contract number NOl-HD-8-2820.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Development of Formulations for Improving Efficacy of
Orally Administered Natural Steroids
NOl-HD-6-2847
Arthur D. Little, Inc.

$217,978 (FY 76); $253,130 (FY 77); $61,539 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : It is proposed to increase the bioavailability of orally adminis-
tered estradiol (E2) • Baseline information is to be gathered in beagle dogs
on the pharmacokinetics and distribution of metabolites after oral and i.v.
administration of dissolved £2- Cannulization of the common bile duct and the
thoracic lymph duct will be employed as an aid in characterizing the dynamics
of this steroid. The proposed new formulations are based on mixed lipid mi-
celles which are the product of enzymatic hydrolysis of fat plus components
of bile.

Major Findings : Estradiol has a short half-life in both plasma and lymph
whether administered intravenously or orally and the distribution of total
equivalents into lymph is rapid and results in concentrations equivalent to or
greater than plasma. Furthermore, estradiol which is administered via the
thoracic lymph duct will maintain a greater concentration in blood and lymph
relative to estradiol administered intravenously. Portal vein dosing appears
to confirm that the major site of estradiol metabolism following oral dosing
is the intestine. Quantitatively, "free"-E2, "free"-Ei, and estrone sulfate
account for only a small percentage of the total radioactive equivalents found
in lymph, portal, and systemic blood with various "glucuronides" making up the

bulk of the remaining radioactivity.

In the lipid formulation phase of this project, the feasibility of formulating
estradiol in mixed-lipid micelles has been demonstrated. Several of the for-
mulations derived from soybean, corn, and peanut oil resulted in enhanced up-
take of estradiol equivalents into lymph. The concentration vs. time curve of

estradiol equivalents in lymph was greater than plasma. Since estradiol reaches
the target tissues via the arterial system, there is the possibility that estra-
diol or its biological equivalents that were absorbed via the lymph and into

the arterial blood circulation may be biologically more potent than comparable
equivalents derived from an intravenous dose.

Significance to Biomedical Research and Program of the Institute : Increasing
the bioavailability of orally administered natural steroids offers the poten-'
tial of increased safety over the synthetic derivatives. Development of safe
and efficacious contraceptives is the prime goal of the Contraceptive Develop-
ment Branch.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing to the development of improved contraceptive drugs.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Development of Formulations for Improving Efficacy of
Orally Administered Natural Steroids

Contract No. : NOl-HD-6-2848
Contractor : The Research Foundation of the State University of New York

(Buffalo)
Money Allocated: $70,820 (FY 76); $64,120 (FY 77); $15,419 (FY 78)

Objectives : It is proposed to enhance the systemic availability and, thereby,
the biologic activity of orally administered 17g-estradiol (E2) . After estab-
lishment of baseline data on oral and intravenous administration of E2 , various
formulations such as coprecipitates with poly~vinylpyrrolidone and cholic acids
and lipid-in-water emulsions will be evaluated.

Major Findings : The time course of unmetabolized E2 concentration in the
plasma after i.v. administration was best fitted by a two-compartment open
model with elimination occurring from the central compartment. No statisti-
cally significant differences existed among i.v. doses of 25, 250 and 2500
)jg/kg with respect to the total body clearance of £2- However, the apparent
distribution rate constant, the biological half-life, the elimination rate
constant (central compartment), the central compartment volume, and the appar-
ent volume of distribution of E2 were dose-dependent. The in vitro binding of

E2 to dog plasma proteins was extensive (93%) and was independent of plasma
concentration over the range of 0.15 to 1500 ng/ml. An average of 97% of a

2500 ug/kg p.o. dose of E2 was absorbed, but only 7.8% of the dose reached the
systemic circulation as unmetabolized E2. The extent of E2 metabolism during
its transit from the gut to the systemic circulation varied from 76.6% to 96.4%
and was apparently independent of oral dose over the range examined. Appre-
ciably greater fractions of E2 were biotransformed to E^ glucosiduronate,
estrone and its glucosiduronate, and other estrogen glucosiduronates after p.o.

administration.

E2 dissolution from E2-povidone coprecipitates was markedly faster than that
from either macro- or microcrystalline forms of the drug and was found to in-

crease as the E2-to-povidone weight ratio was decreased from 1:1 to 1:49.

The formation of a more water soluble, high energy state of E2 is responsible
for the increased dissolution rate of this natural estrogen from low weight
ratio povidone coprecipitates. These findings suggest that the use of E2-
povidone coprecipitates may increase the systemic availability of £2-

Significance to Biomedical Research and Program of the Institute : Increasing
the oral bioavailability of orally administered natural steroids offers the
potential of increased safety over the synthetic derivatives. Development of

safe and efficacious contraceptives is the prime goal of the Contraceptive
Development Branch.

Proposed Course : The objectives of this contract were met in part during
FY 78, and no further work is anticipated.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title
Contract No.

Contractor
Money Allocated

Luteolytic Agents: C-12 Substituted Analogs of PGF2ct
NOl-HD-6-2852
University of Pittsburgh
$55,788 (FY 76); $61,632 (FY 77)

Objectives : The purpose of this project is to synthesize C-12 substituted
prostaglandin analogs and to test them for luteolytic activity.

Major Findings : The total syntheses of (±)-12-fluoro-17 ,17-dimethylPGF2a
methyl ester (1), (±)-12-fluoro-13

, 14-dihydroPGF2ct diethyl ester (2^), (±)-12-
fluoroPGD2 methyl ester (3), (+) -12,16, 16-tri-fluoroPGF2a methyl ester (4),
(±)-14-fluoroPGF2a i°ethyl ester (_5) , (±)-12-hdyroxyPGF2c( i^ethyl ester (_6) , and
the corresponding 11, 12-acetonide (7_) of (±)-12-hydroxyPGF2a methyl ester have
been completed. Interestingly, although the acetonide (7_) was inactive at
125 ug in the hamster antif ertility assay, the unprotected _6 was completely
effective at 25 yg and exhibited relatively low smooth muscle activity com-
pared with PGF2a' Of significant interest is the dissociation in compound _6

of smooth muscle stimulating activity from antifertility (luteolytic) activity.
The ratio of antif ertility/uterine contraction (specificity) of (±)-6^ is >22.
For comparison purposes the specificity for racemic 12-f luoro-13 ,14-dihydro-
PGF2ct methyl ester (_2) is 91. The specificity for racemic 12-f luoro-17 ,17- M
dimethylPGF2a methyl ester (1) is 83. Analogs 1, 2, and _6 are potential can-"
didates for resynthesis in optically active form.

It is quite clear from the above results that the incorporation of a fluorine
atom into the prostaglandin nucleus suppresses smooth muscle stimulating acti-
vity while at the same time maintaining luteolytic activity. In addition, the
incorporation of an hydroxyl group at C-12 on the prostaglandin nucleus also
appears to greatly enhance the luteolytic specificity.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-
ceptive Development Branch to support the synthesis and evaluation of prosta-
glandins and related analogs for contraceptive utility.

Proposed Course : Termination. Continuation of this contractual effort will
be realized, in part, under contract number NO1-HD-8-2809

.
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Contract Title
Contract No.

Contractor
Money Allocated

Synthetic Steroid Contraceptive Agents
NOl-HD-6-2853
Stanford Research Institute
$129,531 (FY 76)

Objectives : The objective of this project is to synthesize and perform bio-
logical tests on A^-androstane derivatives for the development of new post-
coital antifertility agents for the female and to develop structurally similar
nonhormonally active A^-androstane derivatives as specific antigonadotropic
agents for potential use in male contraception. It is hoped that such modifi-
cations may lead to more potent contraceptive agents that are devoid of un-
wanted hormonal activity and untoward side effects. These compounds will be
tested for antifertility activity.

Major Findings : Since development of contraceptive agents that are devoid of
unwanted hormonal activity and untoward side effects is a highly desirable
goal, the synthesis of compounds related to 17a-ethynyl-5a-androst-2-en-176-ol
has been continued in the hope that various modifications of Ring A of the 5a-
androst-2-ene would lead to more potent contraceptive agents with improved hor-
monal profiles. The synthesis of 15 of the 18 target compounds was completed
and the target compounds were tested for estrogenic and antigonadotropic assays.
Ten intermediates in the synthesis of the target compound were also tested for
estrogenic and antigonadotropic assays. All of the derivatives synthesized
exhibited a low order of estrogenicity and 2-cyano-5a-androst-2-ene-17g-ol was
the most potent gonadotropin inhibitor showing 69% inhibition at 100 ug by the
subcutaneous route in rats. This compound showed a 30% separation of estro-
genic and antigonadotropic activity relative to estradiol. It was recently
tested as an ovulation inhibitor in rats and was completely effective at 30
mg/kg/day. Additional compound was submitted to obtain an antiovulatory dose
response curve.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purpose of the CDB to
support the synthesis and evaluation of novel steroidal compounds for contra-
ceptive utility.

Proposed Course : The objectives of the contract were completed.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : The Synthesis of Progestational and Antiprogestational Agents
with Enhanced Affinities for the Progesterone Receptor Protein
NOl-HD-6-2854
Research Triangle Institute ^^
$47,500 (FY 76); $25,233 (FY 77)

Contract No.

Contractor
Money Allocated

Objectives : The purpose of this project is to synthesize pentacyclic steroids
possessing functional groups in rings A and D by total synthesis. These com-
pounds which enhance an increased affinity for the cytosol progesterone re-
ceptor protein may act as persistent agonists or antagonists. These compounds
will be tested for antif ertility activity.

Major Findings : All of the synthesis of functionalized 136-propylgonanes has
been accomplished. The 136,163 bridge was constructed by intramolecular alkyl-
ation of the C-16 enolate anion from 3-methoxy-136-(3 '-tosyloxypropyl) gona-
3,5-dien-17-one which was obtained via Birch reduction of both aryl groups of

176-hydroxy-3-methoxy-136-(3 '-phenoxypropyl)gona-l ,3, 5(10) ,8-tetraene. The
llS,136-bridge was constructed by Prins cyclization of 17S-acetoxy-3-methoxy-
136-(3 '-oxopropyl)gona-l, 3,5(10) ,9(ll)-tetraene, itself obtained via Birch
reduction of only the side chain aryl group of 17S-hydroxy-3-methoxy-13B-(3 '-

phenoxypropyl)gona-l,3 , 5(10) ,8-tetraene. ^
None of the compounds showed antiprogestational activity. 17ct-Ethynyl-176-

13B-(3 '-oxopropyl)gon-4-en-3-one, hemiacetal had 5% of the progestational
activity of progesterone in a standard Clauberg assay.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purpose of the Contra-
ceptive Development Branch to support the synthesis and evaluation of novel
steroidal compounds for contraceptive utility.

Proposed Course : Termination in the absence of significant biological acti-

vity for these compounds.
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Contract Title
Contract No.

Contractor
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Synthesis of Contraceptive Agents

NOl-HD-6-2855
University of Colorado

$40,506 (FY 76)

Objectives : The purpose of this project is to synthesize derivatives of pro-

gesterone and norethindrone bearing polar substituents at the C-18 position.

Such substitution might lead to compounds having antiprogestational activity

and low estrogenic activity. These compounds may be useful as contraceptive

agents.

Ma.jor Findings : An attempt to hydrolyze 18-aminomethyl-3 .ZO-dioxo-S-pregnene-

Sj 20-bisethylene ketal to obtain 18-aminomethyl progesterone resulted in the

formation of the bridged imine via a concomitant condensation. Acetylation

of the 18-aminomethyl group followed by hydrolysis gave the acetamide deriva-

tive, 18-acetamidomethyl-3,20-dioxo-4-pregnene. Synthesis of the 18-carboxal-

dehyde analog of norgestrel ended in failure. None of the 18-substituted

compounds bearing polar substituents submitted for testing displayed any

biological activity as contraceptive agents.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly relevant to the purposes of the Contra-

ceptive Development Branch to support the synthesis and evaluation of novel

steroidal compounds for contraceptive utility.

Proposed Course :

vity.

Termination in the absence of significant biological acti-
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Synthesis and Biological Testing of Luteolytic Prostaglandin
Analogs
NOl-HD-7-2816 _
University of Chicago 9
$137,214 (FY 77); $134,539 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : The major objectives of this project are: 1) To synthesize 10,

10-dif luoro-prostaglandin analogs for evaluation as luteolytic agents in the

sheep and monkey; 2) Evaluate previously s\nrithesized 16-f luoro-13-dehydro
prostaglandin analogs (see contract number NO1-HD-4-2801) for luteolytic acti-

vity and smooth muscle activity in the monkey. Smooth muscle activity will

also be determined in the monkey and the sheep for the 10,10-f luorinated ana-

logs.

Major Findings : 1) The synthesis of the 10,10-difluoro-prostaglandins on a

large scale has progressed to the point where the important intermediate, la,-

2a-epoxy-3,3-dif luoro-4a-hydroxy-5a-carboxy lactone, has been prepared in one

gram quantities. 2) The administration of 13-dehydro-PGF2a to monkeys during

the mid-luteal phase of the cycle (i.v., s.c. or orally) leads to a rapid

decline in peripheral plasma progesterone levels. Preliminary experiments

with 16-fluoro-13-dehydro(erythro)-PGF2ct suggest that it is somewhat more ^
potent than its nonfluorinated counterpart. This is apparent when the 16-

fluoro results are directly compared with PGF2a and 13-dehydroPGF2ct each given

orally at a dose level of 1 mg/kg.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch of developing new contraceptive agents.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing toward the development of new chemical contraceptives and is an integral

part of the contraceptive development program.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 197i

Contraceptive Development Branch
Contract and Collaborative Research

Abeo Steroids as Contraceptive Agents
NOl-HD-7-2817
Stanford Research Institute
$156,538 (FY 77); $79,720 (FY 78)

Objectives : The objective of this contract is to combine several structural
features [178-ethyl, llg-hydroxy and 9(10^19) abeo estratriene steroidal sys-
tems] in order to produce the optimal structural combination having high po-
tency and the desirable separation of antif ertility from estrogenic activity.
Such compounds would be useful postcoital agents.

Major Findings : During the past nine months the synthetic routes to inter-
mediates required for the target compounds have been improved and quantities
of material sufficient for the synthesis of the target compound are readily
available. Three of the target compounds, 3 ,17 6-dihydroxy-17a-ethynyl-9(10->19)-
abeo-estra-l, 3 , 5(10) ,9(19)-tetraen-ll-one 3-methylether , 17a-ethynyl-9(10-*-19)-
abeo-estra-1, 3,5(10) ,9(10)-tetraen-3, 113, 176-triol 3-methylether and 176-ethyl-
9(10->19)-abeo-estra-l,3,5(10) ,9(10)-tetraen-3,116-diol 3-methylether have been
synthesized, characterized and submitted for estrogenic and postcoital anti-
fertility assays. In addition two interesting nontarget abeo derivatives were
submitted for biological evaluation.

Significance to Biomedical Research and the Program of the Institute : The
work to be undertaken in this project is directly relevant to the purposes of

the Contraceptive Development Branch to support the synthesis and evaluation
of unusual modifications of steroids for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new chemical contraceptives and is an integral
part of the contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Synthesis and Testing of Androgenic Agents for Contraception
Nbl-HD-7-2818
Research Triangle Institute
$96,479 (FY 77); $64,292 (Ff 78) M

Objectives : The objective of this project is to synthesize potent, orally
active (non-17-alkylated) and long-lasting androgens as potential male contra-
ceptive agents.

Major Findings : Efforts to introduce a A^** bond into 7ct,llg-dimethyl-19-nor-
testosterone have been undertaken in order to obtain a highly potent andro-
genic compound. The synthesis of the desired 7a,llB-dimethyl-176-hydroxyestra-
4,14-dien-3-one requires introduction of the 7a- and 116-methyl groups and of

the 14,15-double bond in appropriate sequence. Stereochemistry of 7-methyl
addition is strongly influenced by subtle changes in the steroid molecule.
The initial plan was to synthesize an llg-methyl-A^ compound, followed by
introduction of the 7-methyl substituent. While this work was in progress,
research in other laboratories showed that in the absence of the llS-methyl
group such a route is not successful as 7B-methyl addition would occur almost
exclusively. However, our investigations into this route did lead to the syn-

thesis of 116-methyl-A^'*-19-nortestosterone, and this compound was tested for^
its androgen binding and in vivo androgenic activities. Preliminary results

indicate androgenic potency about equivalent to that of testosterone with per-

haps some enhancement of anabolic activity over the standard compound. Bind-

ing studies reveal that the substance bound less well to the androgen receptor
from rat ventral prostate than did dihydrotestosterone. The synthetic work
involved in the preparation led to one intermediate which may be useful in

directing addition of the 7-methyl group with the desired stereochemistry, and

this study will be pursued.

Attention was then turned to introduction of an 116-methyl group into the

available 7a-methylestrone. However, this route had numerous difficulties,

including stereochemical problems at C-9 and difficulty in protecting C-17

.

Work now in progress involves methods for achieving the appropriate stereo-

chemistry of the 7-methyl group, followed by introduction of a A^ bond.

Significance to Biomedical Research and the Program of the Institute : The

work undertaken in this project is directly relevant to the purposes of the

Contraceptive Development Branch to support the synthesis and evaluation of V
steroidal androgens for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing toward the development of new chemical contraceptives and is an integral

part of the contraceptive development program.
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Contract and Collaborative Research

Contract Title : Development and Testing of New Biodegradable Drug Delivery
Systems
NOl-HD-7-2824
University of Utah
$124,612 (FY 77); $43,529 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : The goal of this research proposal is to synthesize biodegradable
copolymers of glutamic acid and valine to which a progestin is covalently
bonded. The polymer system should be capable of delivering drug by means of

hydrolytic cleavage in vivo for 6-12 months.

Major Findings : A compound was synthesized which consists of poly(L-glutamic
acid) as the polymer backbone, a three carbon spacer group bonded to glutamic
acid via amide linkages, and norethindrone (NET) bonded to the spacer group

via carbonate ester linkages. Bonding of norethindrone to the spacer group

has been achieved at about 30% to 60% saturation of available spacer groups.

Secondarily, polymer backbones consisting of copolymers of L-glutamic acid

and valine have been synthesized. Variations have also been made in the

length of the spacer group, wherein two carbon units have been incorporated
into the molecule.

In vitro evaluation of tritium labeled NET indicates that the compound re-

leases radioactivity very slowly, with little variation between rates of

release in aqueous buffer, plasma, or solutions of a non-specific carboxy-

esterase. In vivo studies on powdered polymer/drug combination implanted

subcutaneously in rats indicate that release of radioactivity is slow and

relatively steady with slowly declining rates of release over the six months

of study.

A wide variety of immunogenicity studies in rabbits and guinea pigs on poly-

mer/drug combination and on poly (L-glutamic acid) with the three carbon spacer

group attached failed to show any evidence of immunogenicity due to these com-

pounds. Histopathologic studies of tissues surrounding 30 day implant sites

in rats indicated that only mild responses occurred and that the chronic

inflammatory response which was elicited by this compound was typical of most

implants.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly relevant to the published purpose of

the Contraceptive Development Branch to support research directed towards

development of new methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing to the development of new contraceptives and is an integral part of the

contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

New Biodegradable Drug Delivery Systems
NOl-HD-7-2825
ALZA Corporation
$206,289 (FY 77)

Objectives : The goal of this project is the development of a biodegradable,
implantable delivery system that will deliver predictable, contraceptive
amounts of levonorgestrel over a six month period.

Major Findings : The past year has seen the evolution of this project from
one which was research oriented to a program directed toward product develop-
ment, with the completion of the following important milestones: changing
from the d,l racemic mixture to the pure active isomer, levonorgestrel as
the drug of choice; establishment of a cycling baboon colony at Ames Research
Center; development of a three-part collaborative effort on this program be-
tween NICHD, WHO andJU^ZA; development of a scale-up process and site for syn-
thesis of CHRONOMEIUii' ClOlct; and development of several quality assurance
test procedures for the CHRONOMER-norgestrel systems.

Less imposing, but functionally significant developments have included: ini-
tiation of a CHRONOMER-norgestrel dose response study in baboons; development^
of an inexpensive animal screen for comparison of various BIDS-norgestrel
formulations; definition of formulation needs; establishment at ALZA of chemi-
cal assays for levonorgestrel; fabrication of first-stage, experimental
CHRONOMER-norgestrel systems.

Significance to Biomedical Research and Program of the Institute : Development
of new drug delivery systems for contraceptive drugs is one of the goals of
the Contraceptive Development Branch.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing to the development of improved contraceptive technology.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Development and Testing of New Biodegradable Drug Delivery
Systems
NOl-HD-7-2826
SRI International
$149,786 (FY 77); $237,555 (FY 78); $270,465 (FY 79)

Contract No.

Contractor
Money Allocated

Objectives : It is proposed to develop non-toxic biodegradable polymers capa-
ble of delivering a contraceptive agent with zero order kinetics over a six
months period. Additionally, drug release and polymer solubilization should
take place concomitantly so that rate of drug release is controlled by the
rate of polymer dissolution.

Major Findings : During this first year, activated polyesters and polyacetals
have been explored. The activated polyester approach involves the use of
diacids with electron withdrawing groups adjacent to the carboxyl. Such sys-
tems are known to have enhanced hydrolysis rates. Polymers based on diglycolic
acid, on perfluorosuccinic acid and on a-ketoglutaric acid, all with cyclohex-
anedimethanol, have been synthesized but only the first two systems produced
linear polymers. Polymers based on a-ketoglutaric acid invariably produced
crosslinked materials because of a competing side reaction where the diol adds
to the a-carbonyl. Drug release studies suggest that release occurs by both
a diffusion and an erosion mechanism. Since the relative proportion of the
erosion mechanism is expected to increase with increasing polymer thickness,
thicker samples of some of the systems currently under investigation may have
acceptable bioerosion kinetics. Work with perfluorosuccinic acid has been
discontinued because the compound was found to exhibit biologic activity.

Linear polyketals are being synthesized by the reaction of diols and divinyl
ethers and crosslinked polyketals by the reaction of divinyl ethers and triols.
Both systems are now undergoing erosion and drug release studies. At pH 7.4

systems based on aliphatic diols are very stable and systems based on phenols
are very unstable. Consequently, erosion rate can be manipulated by varying
the ratio of aliphatic to aromatic hydroxyl functionality.

Significance to Biomedical Research and the Program of the Institute : The

work undertaken in this project is directly relevant to the published
purpose of the Contraceptive Development Branch to support research directed
towards development of new methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing to the development of new contraceptives and is an integral part of the

contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Development of Bio-erodable Contraceptive Implants
NOl-HD-7-2827
The Population Council
$105,000 (FY 77)

Obj ectives : The goal of this research proposal is to develop a bio-absorbable
contraceptive delivery system for long-term contraception. It is proposed to

prepare fused pellets of norethindrone with a low percentage of pure choles-

terol. The biodegradable implant will be composed of approximately 85% ste-

roid and 15% cholesterol.

Major Findings : The preparation of ellipsoidal radiolabeled fused pellets com-

prising of 85% %-norethindrone (^H-NET) plus 15% (w/w) cholesterol in a suf-

ficient number with a high specific activity of ^H-NET was achieved.

Some preliminary characterization of the various physico-chemical properties

of pellets, namely, the hardness, chemical composition and purity, size, shape

and density, was carried out by means of gas chromatography-mass spectrometry,

hardness testing, scanning electron microscopy and other analytical procedures.

However, further characterization must be done.

In vitro , %-NET dissolution study was conducted over a prolonged period of 4

months. Average dissolution rate was 38.38 ± 4.54 ug/day/pellet and relatively

constant.

Similarly, in vivo, ^H-NET absorption study in three groups of rats and rab-

bits are being continued over a 3-9 month period. The overall release rates

in rats and rabbits were 66.7 ± 1.1 ug and 80.2 ± 1.9 ug/day/pellet , respec-

tively, during a prolonged period of up to 3-6 months and were fairly constant.

Histopathological examinations of the various organs and the tissues surround-

ing the pellet in different groups of rats and rabbits after a post-implanta-

tion period of 3-9 months are being completed.

Significance to Biomedical Research and the Program of the Institute : The

work undertaken in this project is directly relevant to the published purpose

of the Contraceptive Development Branch to support research directed towards

development of new methods of contraception. ^
Proposed Course : Although preliminary results are encouraging, difficulties

with respect to the establishment quality assurance procedures have resulted

in discontinuation of this work for the present.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : The Synthesis and Testing of Polymeric Intravaginal Contra-
ceptives
NOl-HD-7-2828
SRI International
$68,050 (FY 77); $28,871 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : The objective of this project is to synthesize relatively large
polymeric intravaginal contraceptives in order to decrease the absorption of

the contraceptive agent across the vaginal barrier (by increasing their mole-
cular weight) , and thereby preventing systemic side effects as well as lengthen-
ing the period of potency.

Major Findings : N-(Methoxy polyethylene oxide) ethyl maleimide was prepared by
reaction of maleic anhydride with amino methoxy polyethylene oxide followed by
imide formation. The amino polymer was made in three steps from methoxy poly-
ethylene oxide. After purification by gel permeation chromatography to remove
low-molecular-weight material, the polymerically bound maleimide was found to

immobilize human sperm at concentrations of 10~ to 10~^ M within 15 minutes.
The model compound, N-2-(2 ' -methoxyethoxy) ethyl maleimide, which behaved as a

membrane penetrant, immobilized sperm within 1 minute at these concentrations.

l,4-Dibromo-2-hydroxy-3- (methoxy polyethylene oxide)butane was prepared in

three steps from 1, 4-dibromo-2-butene and methoxy polyethylene oxide. Work is

under way to effect the displacement of the bromides with sodium benzyl mercap-
tide. Reduction should then afford the dimercapto polymer, l,4-dimercapto-2-
hydroxy-3- (methoxy polyethylene oxide) butane.

Preliminary copolymerizations of vinyl pyrollidinone and S-vinyl-0-t_-butylthio-
carbonate have been performed. Thermal removal of the _t-butylcarbonate pro-
tecting group should afford a water-soluble mercapto-containing polymer, co-

poly(vinyl pyrollidinone-vinylthiol)

.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the

Contraceptive Development Branch to support research directed towards develop-
ment of new intravaginal contraceptives.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new contraceptives and is an integral part of

the contraceptive development program.
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Contract and Collaborative Research

Contract Title : Development of a Radioimmunoassay for Rhesus Monkey
Luteinizing Hormone

Contract No. : NOl-HD- 7-2829
Contractor : University of Pittsburgh ^
Money Allocated: $66,331 (FY 77); $65,160 (FY 78)

Objectives : The aim of the program is to develop a radioimmunoassay for
rhesus monkey luteinizing hormone (LH) and to provide sufficient reagents to

prepare 200 kits (15,000 tubes per kit) for distribution to the scientific
community.

Major Findings : During the first year, 2 7 rabbits have been immunized with
hCG, and 18 with bovine LH. A total of 391 bleedings, 10 to 20 ml of serum
each, have been collected from these animals. Although many of these bleedings
are capable of binding either rhesus LH or the heterologous nonsimian hormone,
only a few bind both. Thus, of all anti-hCG bleedings tested so far, only 17

bind radioiodinated rhesus and ovine LH in excess of 10% at 1:1200 dilution,
and 12 of these 17 are from the same rabbit, R22. Of all anti-bovine LH
bleedings tested, only 2 (from the same animal, R41) bind radioiodinated rhesus
LH and hCG in excess of 10% at 1:1200 dilution. Preliminary testing of anti-
hCG sera which bound rhesus and ovine LH revealed that at least 1 ng of ^
unlabeled rhesus LH was required to reduce significantly the binding of radio-
iodinated ovine LH, but that with antiserum from one animal, R20, quantities
of unlabeled rhesus LH from 0.1 ng to 3.2 ng increased the binding of radio-
iodinated ovine LH in a dose related fashion by 15 - 100%.

Significance to Biomedical Research and the Program of the Institute : The
work to be undertaken in this project is directly relevant to the published
purpose of the Contraceptive Development Branch to acquire specific substances
concerned with aspects of reproduction processes that are subject to experi-
mental interventions.

Proposed Course : This is expected to be a continuing contractual effort
leading to the procurement of research materials and is an integral part of
the contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Development of Orally Active Sustained Release Dosage Forms
for Synthetic Steroids
NOl-HD-7-2830
The University of Kentucky Research Foundation
$101,500 (FY 77); $102,000 (FY 78)

Contract No.

Contractor
Money Allocated

Obj ectives : It is proposed to develop and evaluate in vitro and in vivo a

sustained release dosage form which will release norethindrone (NET) and ethy-
nyl estradiol (EE) at such a rate that effective plasma levels of these syn-
thetic steroids will be maintained for up to 24 hours.

Major Findings : Sustained release tablets containing ^H-EE with the desired
release rate were prepared and tested ixi vitro and ixi vivo . The results in

two dogs indicated that the tablets performed as expected, producing signifi-
cantly lowered peak plasma concentrations and releasing their total contents
of ^H-EE for absorption. Sustained release tablets containing ^H-NET have
been prepared and tested in vitro , but have not yet been studied in dogs.

The diffusion of EE and NET through silastic rubber and ethylene vinyl acetate
(EVA) copolymer membranes has also been studied. The results suggest that if

formulation of a suitable sustained release dosage form using "standard" phar-
maceutical formulation techniques fails, the objectives of the contract can be

met by preparing silastic beads coated with an EVA membrane designed to release

the drugs at the desired rates.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the published purpose of

the Contraceptive Development Branch to support research directed towards

development of new methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing to the development of new contraceptives and is an integral part of the

contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Development of Orally Active Dosage Forms for Steroids
NOl-HD-7-2831
Southwest Research Institute
$95,027 (FY 77); $104,104 (FY 78)

Objectives : The aim of this program is to prepare timed-release oral formula-
tions of a presently-marketed contraceptive preparation, ethynylestradiol and
norethindrone, by incorporating these products in a matrix or microcapsule and
to determine whether this dosage form will minimize daily peaks of the drug
and reduce body burden while maintaining contraceptive efficacy by sustained
release.

Major Findings : Timed-release microspheres of ethynylestradiol (EE) and nore-
thindrone (NET) dissolved in mono, di- and triglycerides, or mixtures thereof,

have been prepared in the particle size range of 410 to 1000 microns using the

Southwest Research Institute centrifugal encapsulation device.

In vitro release-rate studies with certain of the EE-containing microspheres,
using synthetic gastrointestinal fluids, indicate a timed-release of the ste-

roid over an eight- hour period. With the larger particle size microspheres, 850-

1000 um, the release rate appears to approach zero order. |^

Initial in vivo release-rate studies of EE-containing microspheres, using the

baboon as animal model, indicate that the baboon may absorb and/or metabolize
the EE at different rates compared to reported human studies. Further work
will have to be done to validate the baboon as a model which can be extra-

polated to humans. Alternatively, other animal models will have to be estab-

lished.

Significance to Biomedical Research and the Program of the Institute : The

work undertaken in this project is directly relevant to the published purpose

of the Contraceptive Development Branch to support research directed towards

development of new methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing to the development of new contraceptives and is an integral part of the

contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Development of Orally Active Dosage Forms for Steroids
NOl-HD-7-2832
Abcor, Inc.

$126,935 (FY 77)

Objectives : The aim of the program is the incorporation of estradiol into a
liposome consisting of drug, phospolipids and cholesterol. The liposomes are
designed to facilitate absorption into the lymphatic ducts thereby obviating
first-pass metabolism in the liver and possibly avoiding conjugation in the
gut wall.

Major Findings : 17g-Estradiol has been incorporated in lipid-phase liposomes
consisting of molar ratios (2:1:1) of lecithin, estradiol, and cholesterol.
In vitro evaluation of the capture and retention of the estradiol within the
liposomes revealed variability between the liposome preparations.

Preliminary evaluation of ^H-estradiol liposomes in vivo , following their
administration to dogs by gavage (50 yCi/dose) , showed rapid absorption of the
drug within 0.5-1.0 hours post administration. Serum radioactivity (dpm/ml)
of ^H-estrogens were obtained at 0.5, 1.0, 2.0, 4.0, 6.0, and 24.0 hours
after dosing. In general, radioactivity levels of estrogens in the seriim

remained elevated up to 4-6 hours after dosing. Control and liposome radio-
activity levels were similar at 24 hours post dosing.

Substitution of 17B-estradiol in the liposomes with estradiol undecanoate
increased capture, retention, and stability of the drug-liposome preparations
in vitro . Complete retention of the undecanoate steroid was observed for at
least 21 days following their fabrication. Preliminary _in vivo studies in

beagles indicate rapid uptake of the ^H-estradiol undecanoate liposome prepa-
rations 0.5-1.0 hours post dosing. Compared to the control dogs (estradiol
undecanoate in sesame oil) , the mean serum radioactivity levels in the estra-
diol undecanoate-liposome dogs indicated more rapid absorption and maintenance
of serum levels up to 4-6 hours following dosing.

Significance to Biomedical Research and the Program of the Institute : The
work undertaken in this project is directly relevant to the published purpose
of the Contraceptive Development Branch to support research directed towards
development of new methods of contraception.

Proposed Course : Because of the lack of stability of the estradiol liposome
and the potential availability of alternative dosage forms for estradiol esters,
this project will not be continued beyond the present fiscal year.
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Contraceptive Development Branch
Contract and Collaborative Research

Development of Orally Active Dosage Forms for Steroids
NOl-HD-7-2833
INTERx Research Corporation
$125,738 (FY 77); $140,834 (FY 78)

Objectives : It is proposed to synthesize prodrugs of progesterone, 176-estra-
diol, and testosterone which will be absorbed in the gut and will prevent
metabolism or conjugation during absorption or during the first-pass through
the liver.

Major Findings : Progesterone undergoes extensive and fast reductive metabolism
after oral administration, both at the C-20 ketone and the A'^-3-keto functions.
In order to prevent this metabolism and provide a controlled release proges-
terone derivative, it was transformed to a novel type of prodrug by using the
natural amino acid, cystein, to form thiazolidine derivatives. It was estab-
lished that in vitro (pH 1, 4 and 7.4 and in fresh dog and human plasma) the

prodrugs cleave quantitatively to progesterone.

Radiolabelled thiazolidine derivatives were synthesized and administered to

beagle dogs. Preliminary cross-over studies indicate a dramatic change in the

distribution-elimination pattern of progesterone administered in its prodrug ^
form. Rats are also being used for detailed distribution studies.

Various activated ether type prodrugs of estradiol were designed. Following
numerous unsuccessful attempts, theoretical calculations have led to finding
appropriate conditions for the preparation of the target acyloxyalkyl ethers.
Selected prodrugs (based on physical-chemical properties) will be studied in

vivo for estradiol delivery.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the published purpose of

the Contraceptive Development Branch to support research directed towards
development of new methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing to the development of new contraceptives and is an integral part of the

contraceptive development program.
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Contract Title : Folliculogenesis in the Rhesus Monkey during the
Menstrual Cycle
NOl-HD-7-2835
George Washington University
$45,999 (FY 77); $22,204 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : The objective of this contract is to determine the distribution
of preantral follicles in serially sectioned rhesus monkey ovaries. It is

anticipated that some waves of follicular growth and atresia will be identified
at specific times during the menstrual cycle.

Major Findings : Although only two animals were examined, about 10,000 devel-

oping preantral follicles were examined per ovary. Calculating on the percen-

tage basis, it appears that larger preantral follicles were greater in number

in the early follicular stage than in the luteal phase. There also appears

to be a wave of atresia in the 65-80 pm size follicles which accounts for the

loss of most of the smaller developing preantral follicles.

Significance to Biomedical Research and Program of the Institute : Since the

ovarian follicle is the target for contraceptives the knowledge of its natural
history is important for appreciation of the possible mechanisms of action of

contraceptives

.

Proposed Course : The project should be completed in FY 1979.
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Contraceptive Development Branch
Contract and Collaborative Research

Development of Orally Active Dosage Forms for Steroids
NOl-HD-7-2849
Battelle Memorial Institute
$124,628 (FY 77)

Objectives : This program is directed towards the development of orally active
dosage forms which will eliminate the serum steroid "peak effect" seen with
present day contraceptive pills. The dosage forms being investigated, micro-
capsules containing either ethynyl estradiol (EE) or d-Norgestrel, are designed
to provide for a sustained release of the desired dose during the first 6-8

hours following oral administration.

Major Findings : Microcapsules were prepared using an organic phase separation
process with cellulose acetate butyrate (CAB) as the wall membrane. Two dif-
ferent dosage forms, i.e., microcapsules containing the steroid dissolved in
an oil-in-water emulsion and microcapsules which have been "externally" load-
ed with the steroid after preparation, have been investigated by in vitro
steroid release studies and preliminary ^^ vivo oral ingestion studies. Oil-
in-water emulsion microcapsules containing EE or d-Norgestrel have been pre-
pared with an encapsulation efficiency of 72 percent for EE. Earlier encap-
sulations of an aqueous suspension of EE resulted in only 28 percent encapsu-^fc
lation efficiency. EE loadings have ranged from 16 to 115 ug EE/10 mg dry
capsules, depending upon the core material or the external loading conditions.

In vitro EE release studies have generally resulted in a linear relationship
between the cumulative amount of extracted steroid and the square root of ex-
traction time. Since this relationship generally holds for drug release from
polymeric films and other homogenous matrices, it supports the conclusion that

the EE in dried capsules is dissolved primarily in the CAB membrane. Solubi-
lity studies of EE in CAB particles indicate at least 42 yg EE/mg CAB can be
achieved. The EE released from the dosage forms tested, varied from 20-90
percent of the initial loading during the two hour test period. Parameters
investigated to obtain different release rates have included steroid concen-
tration, wall thickness and capsule diameter. No definitive in vivo data is

available at the present time.

Significance to Biomedical Research and Program of the Institute : Development
of new contraceptive methods is a stated goal of the Contraceptive Development
Branch.

"

Proposed Course : This is expected to be a continuing contractual effort lead-
ing to the development of improved contraceptive methods.
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Contract Title
Contract No.

Contractor
Money Allocated

Synthesis of Postovulatory Prostanoid Antif ertility Agents

NOl-HD-8-2808
University of Washington
$50,039 (FY 78)

Objectives : The major objectives of this project are to synthesize prostanoids

which will incorporate in a single molecule those structural modifications

which have independently led to increased luteolytic potency and selectivity

(reduced smooth muscle activity) . Specifically, prostaglandin analogs will be

synthesized which combine w-side chains such as 15-trif luoromethyl; 16,16-

bis(trifluoromethyl) ; 17 ,17-bis (trif luoromethyl) ; 19R- and 19S-hydroxy; 20R-

and 20S-hydroxy-18,18,20-trimethyl with PGF2a, 15-epi-PGF2a, 8, 12-epi-PGE2 and

the 13,14-dihydro strategy. These analogs will be tested in animal models.

Major Findings : This contract began 6/30/78 and for this reason there are no

results to report at this time.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly relevant to the purposes of the Contra-

ceptive Development Branch to support the synthesis and evaluation of prosta-

glandins and related analogs for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing toward the development of new chemical contraceptives and is an integral

part of the contraceptive development program.
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Contract Title
Contract No.

Contractor
Money Allocated

Synthesis and Biological Evaluation of Luteolytic Agents
NOl-HD-8-2809
University of Pittsburgh
$99,740 (FY 78)

Objectives ; The objectives of this project are a) to synthesize 100 mg of
optically active (+)-12a-fluoro-PGF2^ and to determine its luteolytic and
uterine contracting activity in the monkey and b) to synthesize several fluoro-
prostaglandins substituted at the 10-, 12-, and 14-positions

.

Major Findings : This contract began 6/30/78 and for this reason there are no
results to report at this time.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support research directed towards develop-
ment of new contraceptive agents.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new contraceptives and is an integral part of
the contraceptive development program.
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Contract and Collaborative Research

Contract Title : Inhibition of Progesterone Biosynthesis and Antiprogesta-
tional Agents
NOl-HD-8-2810
SRI International
$165,000 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : The objective of this project is to synthesize a) inhibitors of

progesterone biosynthesis, (e.g., inhibitors of 36-hydroxysteroid dehydrogen-
ase and A^-3-ketosteroid isomerase) and b) competitive inhibitors of proges-
terone as represented by certain ring-D modified steroids.

Major Findings : This contract began 9/1/78 and for this reason there are no

results to report at this time.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support research directed towards develop-
ment of new methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new contraceptives and is an integral part of

the contraceptive development program.
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|^

October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

: Synthesis and Testing of Antiovulatory and Postovulatory
Agents
NOl-HD-8-2811 -

Research Triangle Institute %
$152,781 (FY 78); $163,280 (FY 79)

Objectives : The objective of this contract is to synthesize potent aroma-

tase inhibitors in order to block implantation, and to develop compounds which

may be antiprogestational agents, possibly through inhibition of progesterone

biosynthesis. These compounds will be tested for antifertility activity.

Major Findings : None. The project has not been in operation long enough.

Significance to Biomedical Research and the Program of the Institute : The

work to be undertaken in this project is directly relevant to the purposes of

the Contraceptive Development Branch to support the synthesis and evaluation

of usual modifications of steroids for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing toward the development of new chemical contraceptives and is an integral

part of the contraceptive development program. ^
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Contraceptive Development Branch
Contract and Collaborative Research

Specific Immunization Against FSH as a Male Contraceptive
NOl-HD-8-2814
University of Colorado Medical Center
$63,744 (FY 78)

Objectives : The objective of this project is to produce specific anti-FSH
sera to block spermatogenesis without effect on secondary sex characteristics
and thus to develop an immunologically based male contraceptive. Peptides
with unique amino acid sequences found in the hFSHg subunit, but not in other
glycoprotein hormones, will be synthesized, coupled to macromolecular carriers
(such as bovine albumin using either amino terminal glycylglycine or glutaral-
dehyde as the spacer) which will then be used as immunogens in generating
antisera anticipated to be specific for FSH.

Major Findings : This contract began 6/30/78 and for this reason there are no
results to report at this time. However, this project is a continuation of
contract number NOl-HD-6-2651.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-
ceptive Development Branch to support the development of a specific immune-
based male contraceptive.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new chemical contraceptives and is an integral
part of the contraceptive development program.

83



^ NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Contract Title
Contract No.

Contractor
Money Allocated

Synthesis and Testing of Male Contraceptive Agents
NOl-HD-8-2816
Stanford Research Institute International
It is anticipated that approximately $41,000 will be allo-

cated for FY 78.

Ob.i ectives : The purpose of this project is to prepare potent orally active
new androgens that will act on spermatogenesis by inhibiting gonadotrophin and

maintain libido and secondary sex characteristics because of their great andro-

genic potency. These compounds will be tested for the male contraceptive
activity.

Major Findings : None. The project has not become operational.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-
ceptive Development Branch to support the synthesis and evaluation of novel

steroidal compounds for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing toward the development of new chemical contraceptives and is an integral ^
part of the contraceptive development program.

"
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Contraceptive Development Branch

Contract and Collaborative Research

Contract Title : Synthesis and Testing of Analogs of LHRH as Ovulation

Inhibitors
NOl-HD-8-2819
Tulane University
$156,691 (FY 78)

Contract No.

Contractor
Money Allocated

Objectives : The objective of this project is to synthesize and biologically

evaluate analogs of LHRH (including dimers and trimers) modified at various

amino acid residues in order to produce very potent and long-acting antiovula-

tory agents.

Major Findings : This contract began 6/30/78 and for this reason there are no

results to report at this time.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly related to the published purpose of

the Contraceptive Development Branch to support research directed towards

development of new contraceptive agents.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing toward the development of new contraceptives and is an integral part of

the contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Peptide Antagonists of LHRH as Ovulation Inhibitors
NOl-HD-8-2820
University of Texas at Austin
$196,973 (FY 78)

Objectives : The objective of this project is to synthesize and biologically
evaluate analogs of LHRH (particularly changes in the 1- and 3- positions of
[AA^ ,D-Phe2,AA^,D-Trp5]LHRH) in order to obtain very potent and long-acting
antiovulatory agents.

Major Findings : This contract began 7/1/78 and for this reason there are no
results to report at this time.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support research directed towards develop-
ment of new contraceptive agents.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new contraceptives and is an integral part of the
contraceptive development program. ^
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title
Contract No.

Contractor
Money Allocated

Peptide Antagonists of LRF as Ovulation Inhibitors
NOl-HD-8-2821
Salk Institute for Biological Studies

$173,715 (n 78)

Objectives : The objective of this project is to synthesize and biologically
evaluate analogs of LHRH (taking advantage of the potent antagonist, [D-p-Glu^

,

D-Phe2,D-Trp^' ^]LHRH already developed at Salk) containing modifications at

positions 1-, 2-, 3-, 6-, 7- and 10 in order to obtain very potent and long-
acting antiovulatory agents.

Major Findings : This contract began 6/30/78 and for this reason there are no
results to report at this time.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support research directed towards develop-
ment of new contraceptive agents.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new contraceptives and is an integral part of

the contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title
Contract No.

Contractor
Money Allocated

Peptide Antagonists of LHRH as Ovulation Inhibitors
NOl-HD-8-2822
University of Louisville Foundation, Inc.

$118,956 (FY 78)

Objectives : The objective of this project is to synthesize analogs of LHRH
which contain a hydrolytically resistant non-toxic thiomethylene linkage as

an amide replacement in strategic locations in order to eventually obtain very
potent and long-acting antiovulatory agents.

Major Findings : This contract began 6/30/78 and for this reason there are no

results to report at this time.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the

Contraceptive Development Branch to support research directed towards develop-
ment of new contraceptive agents.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new contraceptives and is an integral part of

the contraceptive development program. ^
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Contract Title
Contract No.

Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Synthetic Chemical Facility
NOl-HD-8-2823
Southwest Foundation for Research and Education
$147,323 (FY 78); $156,620 (FY 79); $166,014 (FY 80)

Objective : The purpose of this project is to have this synthetic chemical
facility synthesize rapidly, laboratory scale quantities of specific compounds
required by the CDB for contraceptive investigation.

Major Findings : None. The project has just become operational.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Con-
traceptive Development Branch to support the synthesis of specific steroidal
and nonsteroidal compounds for evaluation for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the preparation of specific chemical compounds required by the CDB
and is an integral part of the contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Analysis of Data from the Study of Correlation of Cervical
Mucus Changes with Serum Hormone Levels

Contract No. : NOl-HD-8-2825
Contractor : Creighton University ^
Money Allocated : $22,56A (FY 78)

Objectives : Under a previous contract (NOl-HD-6-2823) numerous data were
acquired relating menstrual cycle phenomena to the fertile period and pre-
sumptive ovulation time. The objective of the present contract is to analyze
the data and to discover whether objective practical determinants of the
fertile period can be derived from the data.

Major Findings : Analysis of the data are only now being initiated.

Significance to Biomedical Research and Program of the Institute : Utilization
of the mucus cycle as a method for fertility regulation is a subject of current
investigations. Research relating the mucus cycle to hormonal status is

directly related to investigations supported by the Contraceptive Development
Branch.

Proposed Course : Analyses should be completed during FY 1979. ^
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Synthesis and Testing of Progesterone Analogues of Novel
Structures with Potential Antif ertility Activities
Contract has not been awarded yet
Laval University
It is anticipated that approximately $68,000 will be award-
ed for FY 78

Contract No.

I Contractor
Money Allocated

Objectives : The objective of this contract is to synthesize derivatives of
17ct-hydroxymethylprogesterone and llct-substituted progesterone analogues in
view of the potentiating effect of 17-alpha substituents and the influence of
substitution at C-11 on progestational activity. These compounds will be
tested for antif ertility activity.

Major Findings : None. The project has not yet become operational.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-
ceptive Development Branch to support the synthesis and evaluation of novel
steroidal compounds for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new chemical contraceptives and is an integral
part of the contraceptive development program.
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Contraceptive Development Branch
Contract and Collaborative Research

Contract Title : Synthesis and Testing of Novel Steroids with Potential Male
Contraceptive Activity-

Contract has not been awarded yet
Laval University 4

It is anticipated that approximately $40,000 will be
awarded for FY 78

Contract No.

Contractor
Monev Allocated

Objectives : The objective of this contract is to synthesize ll-aza-5a-dihydro-
testosterone analogs which will lead to the study of a distinctly different
11-hetero steroid. The importance of the 11-position in governing both estro-
genicity and effects on gonadotrophin is now apparent. These compounds will

be tested for the male contraceptive activity.

Major Findings : None. The project has not yet become operational.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly relevant to the purposes of the Contra-

ceptive Development Branch to support the synthesis and evaluation of novel

steroidal compounds for contraceptive utility.

Proposed Course : This is expected to be a continuing contractual effort lead^
ing toward the development of new chemical contraceptives and is an integral

part of the contraceptive development program.
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Contract Title
Contract No.

Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1978 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Pharmacokinetics of Testosterone Enanthate in the Human Male
Contract has not been awarded yet

Professional Staff Association of Los Angeles
$120,000 (FY 78) 18 months

Objectives : The proposed investigation will combine tracer kinetic studies of

labelled testosterone enanthate (testosterone 7-H^ enanthate) administered
intramuscularly and intravenously on separate occasions into 7-10 normal male

subjects with compartmental modeling to obtain estimates of the following
pharmacokinetic parameters: plasma appearance rate; biological half-life;

plasma (metabolic) clearance rate of testosterone enanthate, testosterone and

estradiol; rate of conversion of testosterone enanthate to testosterone and

estradiol; and the urinary excretion rate of testosterone enanthate and its

metabolic products.

A detailed time related analysis of plasma concentrations of LH, FSH, free and

bound testosterone, testosterone enanthate and TE/T, TE/E2 and T/E2 ratios will

be determined prior to and for three weeks following a single 200 mg testoster-
one enanthate intramuscular injection. These data will be analyzed within each

subject, across the subjects and by computer based multifactorial regression

to characterize the perturbations produced by a pharmacologic dose of testos-

terone enanthate on the male hypothalamic-pituitary gonadal axis.

Major Findings : None. Newly awarded.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the

Contraceptive Development Branch to support research directed towards develop-

ment of new male methods of contraception.

Proposed Course : This is an eighteen month contract which should fulfill the

stated objectives.

93



Contract Title

Contract No.

Contractor
Money Allocated

• NICHD ANNUAL REPORT
October 1, 1978 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Clinical Investigation of a Polyurethane Contraceptive
Vaginal Sponge Containing a Speirmicidal Agent

Contract has not been awarded yet

University of Southern California School of Medicine

Approximately $24,000 (FY 78)

Objectives : The purpose of this project is to evaluate the ability of a poly-

urethane contraceptive vaginal sponge containing nonyl-9 as a spermicidal agent

to prevent the penetration of spermatozoa into and the migration of sperm

through human cervical mucus. The effect of the sponge on the vaginal and

cervical mucosa after seven days use will also be determined.

Major Findings : None. Award has just been made.

Significance to Biomedical Research and Program of the Institute : The work

undertaken in this project is directly related to the published purpose of the

Contraceptive Development Branch to support research directed towards develop-

ment of new female methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort lead-

ing toward the development of new contraceptives and is an integral part of |p
the contraceptive development program.
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Contract No.

Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1978 through September 30, 1978

Contraceptive Development Branch
Contract and Collaborative Research

Development and Testing of Vaginal Contraceptives
Contract has not been awarded yet
Cedars-Sinai Medical Center
Approximately $124,000 (FY 78)

Objectives : The objective of the proposed study project is to determine the
use-effectiveness and the acceptability of an intravaginal contraceptive,
Encare Oval. The use-effectiveness and acceptability rates of the Encare Oval
will be compared to those of a control group using the diaphram with spermi-
cidal gel or cream as a contraceptive method.

It is of significant clinical and social interest that the newly marketed
Encare Oval contraceptive be evaluated in a prospective and well controlled
study in the United States. If the use-effectiveness of the Encare Oval is
found to be greater than the reported use-effectiveness rates of other forms
of vaginal contraceptives, this product could serve as a much needed alter-
native to oral contraceptives and the lUD. If the use-effectiveness of the
Encare Oval is found to be more than the reported 1 pregnancy per 100 woman-
years of exposure, it is imperative that the magnitude of the increased risk
of pregnancy be made available to potential users.

Major Findings : None. Newly awarded.

Significance to Biomedical Research and Program of the Institute : The work
undertaken in this project is directly related to the published purpose of the
Contraceptive Development Branch to support research directed towards develop-
ment of new female methods of contraception.

Proposed Course : This is expected to be a continuing contractual effort lead-
ing toward the development of new contraceptives and is an integral part of

the contraceptive development program.
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October 1, 1977 through September 30, 1978 (

Contraceptive Evaluation Branch

Center for Population Research

The Contraceptive Evaluation Branch conducts, coordinates, and manages

a broad research contracts program concerned with the evaluation of the

safety of methods of contraception and fertility regulation which are

currently in use. The present emphasis has focused on the evaluation of

hazards associated with exposure to contraceptive steroids, intrauterine

devices, and male sterilization. In addition, work is in progress to

determine if induced abortions are associated with adverse effects on

subsequent pregnancy performance. In the coming year, the program will

be expended to evaluate long-term safety issues recently raised regarding

female sterilization, and the use of various methods of contraception

and their safety among teenagers. Moreover, it is planned to give more

emphasis to research aimed at unraveling mechanism underlying the occurrence

of specific serious health complications in women on contraceptive

steroids.

Steroid Contraceptives

Cancer and Other Neoplasia

Data from the Walnut Creek Contraceptive Drug Study had suggested an

increased relative risk of carcinoma in situ of the cervix in relation

to prolonged exposure to oral contraceptives. Subsequent research has

revealed that at least part of the observed effect is due to differences

in sexual behavioi; although there still remains a significant excess of

carcinoma in situ of the cervix among long-term pill users. The analysis

of this data has suggested for the first time a possible protective

effect of vasectomy on cervical cancer. The data at hand show that the

risk of cervical carcinoma in situ is only one-fourth in women whose

husband had a vasectomy as compared to other women. This area will be

pursued intensely in the near future.

Among new projects is a large scale investigation of the risk of cancer

of the breast, of the endometrium and the ovary in relation to oral

contraceptive exposure which is now in its planning phase under contract.

Moreover, two case control studies to examine the relative risk of

malignant melanoma in relation to oral contraceptive use have been

initiated. Also, a study of the risk of pituitary adenoma among women

on contraceptive steroids has begun.

Observations from a number of case-control studies as well as cohort

studies have repeatedly shown a decreased relative risk of benign breast

disease among women on oral contraceptives. This effect has been the

subject of an indepth investigation in conjunction with investigators

from Yale University using data from a contract on the relative risk of

benign breast disease in women on oral contraceptives that had terminated.

Since benign breast disease includes a variety of lesions, pathological
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specimens were histologically examined by a pathologist and were catergorized
by degree of metaplasia. It is well known that benign breast disease
with metaplasia is a risk factor for breast cancer. Analysis of these
data suggest that oral contraceptives selectively decrease the risk of
benign breast disease with no or little metaplasia, i.e., that fraction
of benign breast disease which is not a risk factor for breast cancer.
In view of the importance of this observation, another set of data on
benign breast disease from another terminated contract is being explored
at the present time.

Heart Disease, Hypertension and Thromboembolic Disease

As a by product of an ongoing case-control study of myocardial infarction
in relation to oral contraceptive exposure, it has been observed that at
least 75% of the risk of myocardial infarction in women under 50 is

explained by cigarette smoking. Studies attempting to clarify the risk
of hypertension or of blood pressure elevation in women on contraceptive
steroids have revealed little if any effect of currently used oral
contraceptives on the risk of hypertension or elevated blood pressure.
A major study in Atlanta has shown only a very small effect of oral
contraceptives on systolic blood pressure. Exposure to OCs is associated
with a very small increment in systolic blood pressure, and none in
diastolic blood pressure. Two other studies have been similarly negative.
This is at variance with previous studies conducted by us and others.
The most likely explanation for the differences is that current users of
oral contraceptives are for the most part women in their teens or early
20 's whereas in previous years oral contraceptive users were women in

their 30 's or early 40' s.

A study to determine fibrinolysin levels in women who have experienced
thromboembolism with and without exposure to oral contraceptives is

making good progress. This study may provide important insight into the
mechanism by which oral contraceptive exposure may lead to thromboembolism.

Data from the Walnut Creek Contraceptive Drug Study have demonstrated
that the progestin component in combination oral contraceptives suppresses
the plasma level of HDL cholesterol. Estrogens have the opposite effect.
Since HDL cholesterol is thought to be protective against cardiovascular
disease it is necessary to explore the role of progestins in relation to

the risk of myocardial infarction and other cardiovascular complications.

Metabolic and Nutritional Disorders

A small scale double blind controlled clinical trial to evaluate the

effect of folate administration on mild to moderate cervical dysplasia
in women on oral contraceptives has provided most exciting leads. The
limited data at hand suggest that folate administration results in

regression of cervical dysplasia to normal. Because of this finding,
the study is being extended to include a larger sample of women.

A case-control study of the relative risk of diabetes in relation to

oral contraceptives has been initiated.
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Plans for a systematic exploration of the relationship of Vitamin Bg
metabolism to mood swings and depressive reactions among women on
contraceptive steroids are well underway. This will also include an
examination as to whether discontinuation of oral contraceptives shortly
after initiation of therapy is an expression of subclinical depression
as an effect of B5 deficiency. A controlled clinical trial of B5
supplementation is a part of this overall study plan.

Birth Defects

Several projects aimed at the identification of the risk of malformations
associated with contraceptive practice before and around the time of

conception have been completed. It is apparent from these projects that
the risk of congenital malformations among breakthrough pregnancies in

women on contraceptive steroids or in the presence of inadvertent
exposure early in pregnancy, is small. The increase in risk is in

congenital heart disease but is less than two fold. On the other hand,

exposure to hormonal pregnancy testing as reported in one of the case-
control studies is associated with a relative risk of congenital heart
disease of eight.

Data collection for a large prospective study of pregnancy outcome
involving more than 35,000 pregnancies is complete and a systematic
analysis of these data is underway. This provides the largest collection
of data on this topic. Moreover, a case-control study of conotruncal
malformations of the heart in relation to oral contraceptive exposure is

in progress.

DES

The follow-up of women who were a part of a controlled clinical of DES
during pregnancy in the early 1950 's and their offspring is continuing.
The recent analysis of the data on the mothers revealed an excess number
with breast cancer of borderline statistical significance; however,
there was a significant excess of cancer of the breast, cervix and ovary

in the DES exposed mothers as compared to their placebo controls. Since

these women are at present in the early 50's, i.e., at an age where the

risk of breast cancer increases considerably, this cohort will be followed

for several more years in an effort to determine more precisely the risk

of cancer of the breast and other female organs in this population of

women.

In addition, the abnormalities in the DES exposed male offspring in this

population are well documented. They consist of an excess of undescended

testicles, epididymal cysts and abnormalities in sperm morphology,
number and motility which may be associated with infertility. This

group is under continuing surveillance to more percisely define the risk
of infertility if any in this cohort. Moreover, because of the increase

risk of undescended testes there is the real possibility of an increased
risk of cancer of the testes.
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The female offspring are also under continuing surveillance to identify
the risk of squamous carcinoma of the vagina and cervix in women with
benign adenosis due to DES in utero exposure. Moreover, the effects of

DES pematal exposure on reproductive performance needs delineation.

Pathogenetic Mechanisms

A comprehensive program to define more percisely the mechanisms underlying
the occurrence of serious health risk associated with oral contraceptive
exposure is in preparation. This program is aimed to specifically
define the mechanism underlying the adverse cardiovascular risks associated
with pill use but also the known abnormal metabolic, nutritional, and
other effects.

Among the ongoing studies in this area, is an attempt to confirm a

recent observation reported in the literature of an increase in estrogen
and progestin levels in women who experience hypertension while on oral
contraceptives; this has not been confirmed. The study of the metabolic
fate of contraceptive steroids has revealed that norethindrone levels
increase during the pill cycle. This buildup in blood levels apparently
occurs more in some than other women. It is intriguing to speculate
whether such a buildup affects the risk of certain complications. The
methods involved are rather tedious and time consuming and for the time

being there is no hope for extending such observations to a large number
of subjects.

Long-Term Effects of Sterilization

Evaluation of possible health risks associated with vasectomy has

continued in clinical, animal, and epidemiologic investigations. Several
prospective studies of vasectomy patients are now being completed.
These studies are in agreement that a substantial proportion (half to

two-thirds) of vasectomized men develop circulating antibodies to sperm
antigens within the first year after surgery and that the frequency and

titers of these antibodies do not decrease over the next 2-3 years. No

other immunologic changes, no significant changes in endocrine function,

and no clinical diseases have been demonstrated. Thus, adverse sequelae
of vasectomy, if these occur in men, would appear to be relatively rare

or to occur at intervals of several years after the operation.

Animal studies in this program suggest the nature of some possible
adverse effects which may or may not be applicable to other species. In

rabbits, vasectomy leads to a post-vasectomy orchitis involving deposition
of immune complexes and destruction of the seminiferous epithelium.

Variants of this process have been shown to occur in guinea pigs and

monkeys, with immune complex deposition in the efferent ducts and epididymis

rather than the testis but similar potential for damage to distant

organs from circulating complexes. A small pilot study in monkeys fed a

high cholesterol diet demonstrated that vasectomy markedly increased the

development of atherogenic plaques in cerebral, abdominal, and coronary

arteries. This effect presumably is mediated through immune complex
damage to blood vessel walls. A new contract was initiated this year to
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examine the effects of vasectomy on atherosclerosis in a large number of

monkeys maintained on a diet comparable in cholesterol content to that
of the average American man. This study will also address the possible
value of reanastomosis of the vas or a more prudent diet in regression
of atherosclerotic changes. The finding of increased atherosclerosis in

vasectomized monkeys suggests the possibility that vasectomized men with
high cholesterol levels may be at high risk for cardiovascular diseases
attributable to atherosclerosis. Data on the frequency of these diseases
will be obtained as part of the ongoing epidemiologic study of the

Health Status of American Men.

A three-day workshop was held this year to bring together reports of

present and former contractors working on vasectomy. The proceedings of

the workshop will be published in book form.

Serious Hazards of lUD Use

The collaborative project among 9 institutions of the relative risk of

various serious complications thought to be associated with intrauterine
devices has made excellent progress. The data collection is just about
completed and the analysis underway. Preliminary data confirmed an

increased risk of ectopic pregnancies and of pelvic inflammatory disease
in relation to intrauterine devices.

We plan, during the coming year, to look more broadly at the relative
risk of ectopic pregnancy and also of infertility in relation to various
methods of contraception. This will include intrauterine devices,
induced abortions, menstrual extractions and with respect to ectopic
pregnancy, also failed tubal ligations. The recent observed four fold
increase in ectopic pregnancy in this country requires major emphasis
toward this serious health hazard.

Effects of Induced Abortions on Subsequent Pregnancies

Three contracts are collecting data on the possible effect of induced
abortion on subsequent pregnancy performance. Preliminary data from two

of these contracts suggest an increase risk of spontaneous abortion and
fetal deaths among women who have experienced prior induced abortion.
The data available thus far only permit us to consider this a lead
rather than an established fact. We expect to have answers to these
questions within about one year.

Contraceptive Safety Among Teenagers

Ongoing research contracts projects only cover in part potential health
risks that may be peculiar to teenagers who use various methods of

contraception or fertility regulation. The project on possible effects

of induced abortion on subsequent pregnancy performance obviously includes
hazards involving teenagers in that a large proportion of induced abortions
involve teenage women. However, because of the concern about teenage
contraception, it is planned to set up a program which will attempt to

define more percisely through a cohort study approach the risk of the
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major methods of contraceptions. Included will be oral contraceptives,

both combination oral contraceptives and progestin only pill, and intra-

uterine devices comparing these with diaphragm users in teenagers. This

is conceived as a cohort study involving a few thousand yo\mg women

aimed at measuring acute adverse health effects rather than long-term

effects.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Evaluation Branch
Contract and Collaborative Research

Contract Title: Contraceptive Steroids in Beagles
Contract Number: NOl-HD-2-2725
Contractor: Cornell University gT
Money Allocated: $115,000

Objectives : The purposes of this contract have been 1) to develop assays for
measuring circulating levels of LH, FSH, prolactin, estrogens, progestins, and
glucocorticoids in beagles, 2) to study hormone levels in the normal reproduc-
tive cycle of the beagle, and 3) to study the effects of contraceptive steroids
on endocrine function in this species, particularly in relation to the develop-
ment of steroid-induced mammary nodules and other pathology.

Major Findings : Assays for most of the specified hormones have been developed
and hormonal patterns in the normal beagle reproductive cycle have been
described in detail. From these studies and recent work of others it now
appears that the basic hormonal mechanisms controlling estrus, ovulation,
fertilization, pregnancy and parturition in the beagle bitch are not greatly
different from those found in other species. Studies to evaluate the endo-
crine and pathologic effects of medroxyprogesterone acetate (MPA) and the rol^
of endocrine changes in the development of mammary nodules in the beagle are

"
in progress.

Significance to Biomedical Research and the Program of the Institute : Use of

the beagle in long-term toxicity testing of contraceptive steroids has fre-
quently been criticized because of lack of information on canine endocrinology.
It is now clear that endocrine processes in the normal reproductive cycle of

the beagle are not dissimilar to those in other species. However, questions
remain about the comparability of responsiveness of mammary tissue to the
administered steroids, and the reasons for apparent special sensitivity in
the beagle remain unknown.

Proposed Course : Work under this contract is expected to be completed this
year.

«
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NICHD ANNUAL REPORT
I October 1, 1977 through September 30, 1978

Contraceptive Evaluation Branch
Contract and Collaborative Research

I

Contract Title: Central Repository for Tissue Evaluation of Contraceptive
Steroids

Contract Number: NOl-HD-2-2729
Contractor: Universities Associated for Research and Education in

Pathology
Money Allocated: $125,707

Objectives : The purpose of this project is to evaluate the pathologic effects
of contraceptive steroids in animals, primarily beagles and monkeys, used in
long-term toxicity studies. Tissue specimens are obtained from pharmaceutical
companies and other sources and subjected to detailed pathologic evaluation at
the Armed Forces Institute of Pathology.

Major Findings ; During the past year, tissues have been evaluated from a number
of monkeys treated with experimental progestins plus mestranol for two to eight
years. The important lesions found were an intraductal hyperplasia of the
ducts and ductules of the mammary glands, a single hepatocellular adenoma
similar histologically to hepatic adenomas found in women taking oral contra-
ceptives, and an intimal fibromuscular thickening of the aorta, femoral
artery and other muscular arteries. The experimental drug, anagestone acetate
plus mestranol, is a combination which is associated with a large nximber of
mammary nodules, including neoplastic tumors, in tests using beagles. Tissues
from additional monkeys treated with this drug, and from groups treated with
other steroids, remain to be examined. In other studies, hepatic lesions
from beagles treated with medroxyprogesterone acetate were found to be quite
dissimilar to the hepatic adenomas associated with contraceptive steroids in
women

.

Significance to Biomedical Research and the Program of the Institute : Long-
term toxicity studies in beagles and monkeys are required for FDA approval
of contraceptive steroids. Several potential agents have caused mammary
lesions in beagles, but until now no lesions have been reported in monkeys.
The pathologic nature of the beagle lesions and their possible usefulness in
predicting pathology in human users have been the subject of controversy.
This contract was awarded to obtain expert, unbiased review of tissues sub-
mitted by various pharmaceutical companies in an effort to provide guidance
in the interpretation of data from these and other toxicity studies.

Proposed Course : During the next year, it is expected that specimens from
long-term studies of several steroids in beagles and monkeys will be obtained
and studied.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Evaluation Branch
Contract and Collaborative Research

Contract Title: Phannacopathologic Effects of Medroxyprogesterone Acetate
(MPA) in Beagle Bitches

Contract Number: NOl-HD-3-2705
Contractor: University of Rochester School of Medicine and Dentistry |^
Money Allocated: $36,510

Objectives : This contract supports a longitudinal study of the effects of
medroxyprogesterone acetate (MPA) in 100 beagles. The effects of three dosages
of MPA on morphological and histochemical characteristics of mammary glands and
uteri are being investigated. Glands and uteri were removed for study at inter-
vals of 3-4 months for a period of four years, and complete necropsy examina-
tions were conducted after 48 months of treatment.

Major Findings : All of the beagles have been sacrificed and evaluations of
the biopsy and autopsy tissues are approaching completion. The pathologic
data are being correlated with data on dosage, duration of treatment and clin-
ical parameters. Whole mount studies have been completed on the anterior
three pairs of mammary glands from 52 beagles (13 controls and 13 in each of
three groups treated for 48 months with one tenth, one half, or one times the
recommended human contraceptive dosage) . A drug- and dose-related increase iJtm

both the number of nodules and the number of dogs with nodules was seen in
treated groups compared to controls and there was a significant increase in
pathologic hyperplasia and benign neoplasia and in the number of ductal lesions
in the two higher dose treatment groups. It should be noted that the anterior
mammary glands of the beagle are less hormone-responsive than the posterior
pairs, and that effects were seen in these glands even with low but ovulation
inhibiting dosages.

Significance to Biomedical Research and the Program of the Institute : Long-
term toxicity studies of contraceptive steroids in beagles have demonstrated
that several potential contraceptive agents administered at high dosages
induce mammary lesions but the relevance of these lesions to the possible
induction of human breast cancer is controversial. Studies under this contract
involve low dosages of a progestin which is currently in clinical use. The
occurrence of neoplastic changes at these dosages in the beagles is disturbing
but the identification of numerous early lesions, often in the same gland as
frank neoplasia, will permit identification of the cells of origin of the neo-
plastic lesions and their malignant potential. This information should be ^
helpful in determining the medical significance of the canine hyperplastic
and neoplastic changes.

Proposed Course : Evaluation of the remaining tissues and analysis of data
from this study are expected to be completed this year.
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October 1, 1977 through September 30, 1978

Contraceptive Evaluation Branch
Contract and Collaborative Research

Contract Title: Combining Data from Case-Control Studies of the Relationship
of Oral Contraceptives to Breast Cancer and Benign Breast
Disease

Contract Number: NOl-HD-7-2813
Contractor: Yale University
Money Allocated: No FY 78 funds

Objectives ; This project attempts to analyze three sets of data which have
been independently collected by three investigators of case-control studies
of contraceptive steroids and benign breast disease and breast cancer.

Major Findings : The contractor has completed the acquisition of the data from
three matched case-control studies, has conducted preliminary comparisons be-
tween the study data and has developed statistical procedures and computer
programs for detailed analysis. Moreover, he has developed a method for the
analysis of matched triples which can be applied to a specific set of data.

Significance to Biomedical Research and Program of the Institute : Cancer of
the breast and of the reproductive organs is the major unresolved possible
long-term risk of exposure to oral contraceptives. A detailed analysis and
comparisons between these sets of data is important in that it may identify
specific risk factors. It also develops methodology required for pooling of
data from different sets of studies.

Proposed Course : The study has been extended in time without additional funds
to permit the contractor to complete the analysis projected. This should be
completed by December 31, 1978.
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Contract Title: Effects of Contraceptive Steroids on Blood Pressure
Contract Number: NOl-HD-75-2830
Contractor: Evans County Health Department, Claxton, Georgia
Money Allocated: $162,038 from FY 1978 funds

Obj ectives : This is a prospective cohort study to determine change in blood
pressure before and subsequent to initiation of contraceptive steroids,
in a biracial population residing in the southeastern hypertension stroke
belt in southeastern Georgia. Undefined geographic peculiarities in this
region determine the highest mortality from hypertensive stroke for both
whites and blacks in the United States. This study will answer the question
whether the geographic determinants also effect an increase of hypertension
associated with the use of oral contraceptives. Effects of predisposing,
hereditary factors on contraceptive induced blood pressure elevation are to

be investigated. Family histories are to be analysed and siblings of cohort
members are to be examined.

Major Findings : The protocol specified enrollment of 1,000 pill choosers and

1,200 lUD choosers as controls, matched for age and race, subsequent exam- ^
ination at three month intervals for a study period of 3 years. So far, ^
767 eligible women have been enrolled and 665 have had at least one follow-up
examination after 3 months of contraceptive use. This included 407 pill
users, whose mean age was 20.8 years; their mean QPI was 3.3; their mean
BP was 108.3/69.8; 43% were smokers. Also, 258 lUD-using controls have
been enrolled. Their mean age was 26.5 years; their mean QPI was 3.6; their
mean BP was 107.1/69.2; 30.2% were smokers. The follow-up examinations
were associated with a decrease of blood pressure in OCA-users and controls.

If there is any hypertensive effect of oral contraceptives, so far this

was not apparent; except perhaps by a lesser decrease of blood pressure in

OCA-users than in controls, on follow-up examinations.

Significance to Biomedical Research and Program of the Institute : This is

marked

.

Proposed Course : Continue and complete enrollment, follow-up examinations
and analysis.
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Contract Title: Effect of Contraceptive Steroids on Blood Pressure

Contract Number: NOl-HD-5-2831

Contractor: Emory University

Money Allocated: $275,100 from FY 1977 funds

Ob jectives : 1) Estimation of prevalence, incidence and magnitude of blood

pressure elevation in a cohort of black and white contraceptive users in At-

lanta, Georgia. 2) Assessment of variables, determining and confounding this

association.

Ilaior Findings : This investigation and its results differ in two fundamental

respects from all previous ones ever reported on the relation between oral

contraceptive use and hypertension:

a) It is based on the largest collection of findings ever assembled, e.g.,

37,650 women were screened. Incidence and prevalence estimations were

based on surveillance of 18,398 patients attending Emory University's

Family Planning Program (EUFPP) in Atlanta, Georgia.

b) In striking contrast to all previous reported investigations, particu-

larly the most extensive ones so far from Walnut Creek, California, a

marked hypertensive effect of oral contraceptives was not found.

This result was based on comparisons of mean blood pressure levels between

many groups of OCA users and controls, defined by criteria such as age, weight,

and contraceptive preparation. Thus it is still possible, but not likely,

that refinements for comparison of blood pressure distribution might yet turn

up an effect of OCA's on blood pressure in a defined, small subgroup. Assum-

ing the results of still ongoing analysis to rule out this remote possibility,

the following striking conclusion becomes mandatory: In Atlanta, Georgia dur

ing 1975-1977, oral contraceptives exerted no hypertensive effects on blood

pressure.

The ongoing analysis has been refined by a "Discrete Multivariate Analysis for

Simultaneous Adjustment of Age and Build (Quetelet Ponderal Index) on Blood

Pressure." Preliminary results suggest an association between systolic but

not diastolic blood pressure and estrogen-containing contraceptives, other

than that due to age and build. However, the effect is very small, e.g. 0-5

mm Hg, depending on age/weight categories.

Significance to Biomedical Research and Program of the Institute: This is

marked.

Proposed Course: The operational phase of this project is essentially completed
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Contract Title: Effects of Contraceptive Steroids on Blood Pressure
Contract Number: NOl-HD-75-2832
Contractor: Harvard Medical School, Boston, Massachusetts
Money Allocated: $138,825 from FY 1977 funds ^

Objectives : In 1973 a total community survey on all 5,000 white females,
aged 16-49 years, residing in East Boston was conducted by the National Heart
and Lung Institute (HDFP) . In this survey blood pressure, contraceptive use
and demographic characteristics were ascertained. This provides the basis for
the objectives of this project: 1) Determine incidence of blood pressure
changes associated with continued, discontinued or initiated contraceptive
therapy since 1973. This is to be done by a second total community survey in
1976-1977. Blood pressure changes since 1973 are to be related to a)contin-
uous OCA-use, b) continuous non-OCA-use, c) initiation of OCA-use, d)discon-
tinuation of OCA-use. 2) Perform a third follow-up survey in 1978 on all
women previously identified as a) contraceptive users, b) hypertensive and
c) a random sample of 1,000 non-hypertensive non-users of oral contraceptives.
3) Determine characteristics associated with blood pressure changes and con-
traceptive use.

Major Findings : The second total community survey has been completed, but
only partially analysed. According to the variable of contraceptive use the
cohort comprises 4 subcohorts: (a) 1973 No/1976 No = continous OCA-non-user

,

(b) 1973 Yes/1976 Yes = continous OCA-users, (c) 1973 Yes/1976 No = discon-
tinuing OCA-users, (d) 1973 No/1976 Yes = OCA-use initiators. The preliminary,
partial analysis restricted itself to relating the two variables of changing
contraceptive use to changes in blood paressure. This revealed no marked
hypertensive drug effect, whether such an effect was minimal or absent could
not yet be determined. This uncertainty results from a third variable:
continuous non-OCA-users were 10-15 years older and also heavier than the

cohort of new OCA-users. The other two subcohorts were intermediate. This

age difference between the subcohorts, defined by OCA-use status might account
for as much or more than 5 mm Hg difference in blood pressure and precludes
simple interpretation of the variable, blood pressure in terms of the variable
contraceptive use. Furthermore OCA-use may be associated with blood pressure
elevation in heavier females, more than 25-30 years old, but not in adolescent
teen-agers, less than 20 years old. W
Significance to Biomedical Research and Program of the Institute : This is

marked

.

Proposed Course : Continue community surveys and analysis of characteristics
associated with blood pressure changes and contraceptive use.
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Contract Title: Deaths from Myocardial Infarction and the Role of Oral Con-

traceptives

Contract Number: NOl-HD-6-2808

Contractor: Biostatistics Center, George Washington University

Money Allocated: $465,779

Objectives : To estimate the relative and attributable risks of death from

myocardial infarction (M.I.) among oral contraceptive (O.C.) users as compared

to non-users for the 18 month interval between January 1, 1974 and June 30,

197 5. This is the most accessible interval preceeding the period of maximum

publicity of the British studies which reported an association between OC use

and M.I. risk (published in May, 1975).

Major Findings : The contract began on August 20, 1977. Between August 20,

1976 and April 30, 1977 the contractors developed the study design, a manual

of procedures, and a set of forms for recording data.

Data acquisition began May 1, 1977 and is scheduled to be completed by October

30, 1978. Data concerning about 200 women, who died from myocardial infarction

during the study interval and concerning 2 controls for each case (one who

died at about the same time, and one currently living), are anticipated.

The data being gathered are descriptive material to insure comparability of the

cases and controls and data concerning M.I. risk factors such as cigarette

smoking, obesity, hypertension, and OC use.

The analysis will focus on estimation of the effect of OC use on M.I. risk and

on interactions between OC use and other M.I. risk factors.

Significance to Biomedical Research and the Program of the Institute: Oral

contraceptive use is believed to increase the risk of both fatal and non-fatal

M.I. Interactions with other risk factors are believed to be important in

determining the magnitude of this effect.

This project will allow estimation of the effect of OC use on the risk of fatal

M.I. among U.S. women. Together with the study of incident cases, the project

will contribute to understanding this public health issue and to providing

_

grounds for identifying women who may be at especially high risk for M.I. if

they use OC' s.

Proposed Course : Data gathering will proceed until October 30, 1978. Analysis

will begin September 1, 1978. The study is scheduled to terminate February

28, 1978.
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Contract Title: Case-Control Study of Myocardial Infarction in Young Women
with Special Reference to the Role of Oral Contraceptives

Contract Number: NOl-HD-6-2849
Contractor: Boston University, Boston, Massachusetts ^
Money Allocated: §347,950 ^

Objectives : To estimate the effect of oral contraceptive (OC) use on the risk
of myocardial infarction (M.I.) among premenopausal women. Special emphasis
is being placed upon estimation of interactions between OC use and other M.I.
risk factors such as cigarette smoking, hypertension, diabetes, etc.

Major Findings : The contract commenced on July 1, 1977. During the first
six months, the protocol was elaborated, data forms were developed, personnel
were recruited, and hospitals (to supply case and control data) were recruited.

As of June 5, 1978, 155 hospitals in Massachusetts /Rhode Island, New York/
Connecticut and Pennsylvania/New Jersey/Delaware were participating in the
study; 352 cases of definite myocardial infarction, 84 cases of possible
myocardial infarction and 3,316 controls had been interviewed. Two hundred
twenty-four of the cases were definite first M.I.'s in premenopausal women.

^

Preliminary analyses of the data from this project show an increased risk of
M.I. among women who use OCo. A marked interaction between OC use and
cigarettes smoking is evident.

Significance to Biomedical Research and Program of the Institute : This study
is rapidly accruing data concerning the relationship between oral contracep-
tive use and the risk of M.I. among premenopausal women. This is a substan-
tial public health issue. Furthermore, the study is developing specific data
on the interaction of oral contraceptive use with other M.I. risk factors.
This will make it possible to characterize women at especially high risk of

myocardial infarction if they use oral contraceptives.

Proposed Course : Data collection is currently scheduled to terminate December
31, 1978. Data collection may be extended to allow better assessment of

interactions between OC use and other M.I. risk factors.
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Contract Title: Case-Control Study of Hypertensive Oral Contraceptive
Users with Special Reference to Contraceptive Steroid
Blood Levels

Contract Number: NOl-HD-6-2861
Contractor: Howard University
Money Allocated :

Objectives : To evaluate the prior finding that contraceptive steroid blood
levels are elevated in hypertensive oral contraceptive users, as compared to

normotensive OC users. Furthermore, to test the hypothesis that such eleva-
tions (if confirmed) are associated with alcohol and caffeine intake.

Major Findings : EE blood levels have been evaluated for 25 hypertensive OC

users (cases) and 90 normotensive OC users (controls) . No large differences
between the cases and controls were found. Two small differences were sug-
gested :

1) EE blood levels appeared to decline more slowly over time for the

cases than for the controls.

2) EE blood levels were higher for the more severe cases than for the

less severe.

Significance to Biomedical Research and Program of the Institute : The results

of this study do not support the prior hypothesis of a large difference in

EE blood levels for hypertensive OC users as compared to normotensive OC users.

Proposed Course : The project is finished.
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Contract Title: The Effect of Oral Contraceptives on Idiopathic Venous
Thrombosis: A Study of Antithrombin III and Fibrinolysis

Contract Number: NOl-HD-7-2804
Contractor

:

Duke University Medical Center A
Money Allocated :

Objectives : To test the hypothesis that women who develop venous thrombo-
embolic diseases during oral contraceptive use have intrinsically lower levels
of Antithrombin III or fibrinolytic activity following venous occlusion than
do women who do not develop these diseases during oral contraceptive use.

Major Findings : The study employs a four-fold case-control design to test the
hypothesis that women who develop venous thromboembolic diseases during oral
contraceptive use have intrinsically lower levels of Antithrombin III or
fibrinolytic activity following venous occlusion than do women who do not
develop these diseases during oral contraceptive use.

Two groups of cases are being studied: 1) women with a history of venous
thromboembolic disease during oral contraceptive use, and 2) women who experi-
ence venous thromboembolic disease while not using oral contraceptives. Tw(^
groups of controls will be studied: 1) women with no prior venous thrombo- ^
embolic disease who used oral contraceptives for a period similiar to that of
the exposed cases, and 2) women with no prior venous thromboembolic disease
and no^ history of oral contraceptive use.

Cases and controls are being matched for age, race, and other pertinent
covariates. Data on unmatchable covariates is being gathered for post-hoc
analysis. Cases and controls will be studied long after the cases' recovery
and while no subject is using oral contraceptives.

This project is in the data gathering phase.

Significance to Biomedical Research and Program of the Institute : This pro-
ject may provide insight into the mechanism of oral contraceptive induced
venous thromboembolic disease, and could lead to a rationale for screening
women who wish to use oral contraceptives.

Proposed Course : This project is scheduled for completion by October 31, 19^,-
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Contract Title: Effects of Oral Contraceptives on Vitamin Bg Nutrition

Contract Number: NOl-HD-7 2-2782

Contractor: University of Wisconsin Medical School, Madison, Wisconsin

Money Allocated: $36,830 from FY 1976 funds

Objectives: This was a double blind clinical trial to quantitate the presumed

therapeutic efficacy of vitamin B^ in decreasing the elevated triglycerides

and cholestrol levels in users of oral contraceptives.

Major Findings : This clinical trial had been completed, as was described in

last year's Annual Report. Only the final statistical analysis of results was

missing. This has been forthcoming and is now complete. Examination of data

from 55 oral contraceptive users and 27 controls by paired student t-tests

demonstrated no significant effect of vitamin Bg administration on either

triglyceride or cholestrol concentrations, in spite of the achieved saturating

effect of the pyridoxine loading, reflected in the elevation of urinary

4-pyridoxic acid excretion and plasma pyridoxal phosphate concentrations.

Thus, the results failed to confirm the expected effect of pyridoxine supple-

mentation on serum triglyceride and cholestrol concentrations.

Significance to Biomedical Research and the Program of the Institute : A

positive outcome of the study would have been of major importance. Unfortu-

nately the outcome was negative, less important but still significant.

Proposed Course : The project's course is complete.
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Contract Title: Nutrition Surveys on Users of Oral Contraceptives and Con-
trols in Galveston, New Orleans and Detroit

Contract Numbers: NOl-HD-72-2728, NOl-HD-72-2788 , NOl-HD-72-2786
Contractor: University of Texas, Tulane University, Wayne State Uni- w

versity
Money Allocated: $923,146 from FY 72, 73, 74 and 75 funds

Objectives : A comprehensive characterization of nutritional status of contra-
ceptive drug users is to be provided.

Major Findings : These have been described in last year's Annual Report and
were to be published in form of a monograph, corresponding in format to the
well known series of previous nutrition surveys, published by the government.
Due to difficulties in obtaining all manuscripts, this has as yet not been
possible. One manuscript is still missing, but has been promised to be
available within a few weeks time.

Significance to Biomedical Research and the Program of the Institute : The
important results of these surveys established that the drug-nutrient inter-
actions of oral contraceptives do not give rise to nutritional deficiencies^
They are due to enzyme induction by these drugs rather than changes in dietaiy
intake or metabolic balances of nutrients.

Proposed Course : The project's course is complete. Only their results need
to be published in form of a monograph.
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Contract Title: Effects of Oral Contraceptives on Folic Acid Metabolism
Contract Number: NOl-HD-7 4-2862
Contractor: University of Alabama School of Medicine
Money Allocated: $98,797 - from FY 1978 funds

Objectives : These objectives are based upon striking findings of unknown
medical significance by Whitehead, Reyner and Lindenbaum. Cervical smears
in 19% of contraceptive steroid users revealed "undefined" morphological
abnormalities. They were designated as: megalocytosis (megakaryosis or
megaloblastosis) . They were similar to those (a) accompanying erythropoetic
megaloblastosis found in Vitamin Bi2 and folate deficiency and (b) of the
premalignant lesion: cervical dysplasia. In spite of absence of systemic
folate deficiency, administration of monoglutamic folic acid (10 mg daily for
3 weeks) reversed or cured all megalocytotic abnormalities. It has never been
investigated whether these morphologic abnormalities in the absence of folate
therapy may actually progress towards cervical dysplasia and whether they
reflect local functuinal folate deficiency in the regenerating cervical
epithelium. The objectives of this was to: (a) determine whether oral con-
traceptives have a selective, localized effect on folate metabolism in the
endocervix leading to a functional folate deficiency in this target tissue
(animal experiments), (b) assess the efficacy of folate therapy for reversing
cervical dysplasia in users of oral contraceptives (clinical trial)

.

Major Findings : Animal experiments - Estrogens and oral contraceptives effect
and increase the level of the endometrial enzyme, conjugase. This level
determines and decreases the ratio of long chain vs short chain polyglutamic
folate. Purine biosynthesis requires folates and depends on the chain length
of their polyglutamic acid chains. This provides a metabolic basis to link
the OCA effect on endocervical folate metabolism to the nuclear changes in

cervical dysplasia. It also provides a rationale to explain the expected
positive outcome of the clinical trial. The available results suggest that
folate prevents progression and effects regression of cervical dysplasia.
However, the available sample size is too small for certainty.

Significance to Biomedical Research and Program of the Institute : This is

marked.

Proposed Course : It is contemplated to extend this contract for completion
of the clinical trial, in order to establish the efficacy of folate for
therapy of cervical dysplasia.
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Contract Title: Effects of Contraceptive Steroids on Trace Elements
Contract Number: NOl-HD-7 6-2835
Contractor: University of California at Berkeley
Money Allocated: $39,428 from FY 1976 funds 0^

Objectives : The effects of contraceptive steroids on the metabolic balances
of iron, copper and zinc in women kept on controlled diets in a metabolic
ward were to be determined.

Major Findings : All operational procedures and assays had been completed, as

was described in last year's Annual Report. Only the final statistical analyses
and manuscripts were outstanding. These have been forthcoming and are now
complete. In summary, it has been established that administration of oral
contraceptive agents (OCAs) did not alter iron, copper or zinc balance. It

rather appears that oral contraceptive agents alter the distribution of zinc

and copper in the tissues as plasma levels are changed with the use of these
drugs. No consistent changes in serum or whole-blood iron were noted. Oral

contraceptives do not appear to alter endogeneous losses, absorption, or

balance of these trace elements. Therefore, dietary requirements for iron,

copper and zinc by women using oral contraceptives do not differ from women
who are not taking these drugs. A

Significance to Biomedical Research and Program of the Institute : Result of

this project, together with others, establish that the drug-nutrient inter-

actions of oral contraceptives, whatever their medical significance, are not

nutritional deficiencies.

Proposed Course : The project's course is completed. Only the manuscripts
need to be published.
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Contract Title: Contraceptive Drug Study
Contract Number: NOl-HD-3-2710
Contractor: Kaiser Foundation Research Institute, Walnut Creek, California
Money Allocated: $367,000

Objectives : This prospective longitudinal study of 18,000 women who are part
of a prepaid medical plan in Walnut Creek, California is one of three large
scale prospective studies to identify the hazards of contraceptive steroids.
It is the only one of its kind in this country.

Major Findings : The interim analyses of the data are in progress and have
confirmed an increased risk of idiopathic venous thromboembolism associated
with exposure to contraceptive steroids. Moreover, there is a several fold
increase in the relative risk of subarachnoid hemorrhage. The lack of an

association with myocardial infarction and other strokes in this set of data
is puzzling. An important finding to be published soon is related to effects
of oral contraceptives on lipid metabolism. Recent analysis revealed for the
first time that progestins appear to effect the level of HDL cholesterol in-
versely; that is, increased levels of progestins decrease the levels of HDL
cholesterol. Since HDL cholesterol is thought to be protective against myo-
cardial infarction, it is now important to look at the progestin dose in

combination preparation in relation to the major cardiovascular complications
associated with pill use.

Significance to Biomedical Research and the Institute : This is the major
prospective study of adverse medical effects of contraceptive steroids which
is in progress in this country. It is a major source of information of long-
term effects of contraceptive steroids.

Proposed Course : This project has been able to re-establish contact with all

but 5% of its original participants, and has been able to update information
on intercurrent major medical events and contraceptive history. A comprehen-
sive analysis of the data collected thus far is in progress and will be avail-
able for publication of an interim report by the end of this calendar year.

In addition, in depth analyses of various topics are in progress, particularly
carcinoma of the cervix and various adverse cardiovascular effects. This
study is to continue for several more years.

I
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Contract Title: Effects of Vasectomy on Testis and Epididymis
Contract Number: NOl-HD-2-2770
Contractor: University of Virginia School of Medicine
Money Allocated: $57,951

Objectives : This contract supports studies of the effects of vasectomy on
intraluminal pressure and electrolyte concentrations in the testis and epi-
didymis and the permeability of the blood-testis barrier and epididymal wall.
Micropuncture techniques are used to obtain fluid samples and pressure measure-
ments. Light and electron microscopic studies are correlated with the studies
of luminal contents to evaluate absorptive and secretory activity.

Major Findings : Studies under this contract have demonstrated in several
species that vasectomy results in markedly increased intraluminal pressure
in the distal segments of the epididymis but that this pressure is not trans-
mitted back to the testis. Thus, changes in spermatogenesis reported in some
species after vasectomy cannot be attributed to direct effects of increased
internal pressure.

Studies of the transport of molecules into the seminiferous tubules and epidM'.-

ymis of normal hamsters demonstrated that tritiated water enters both organs^
freely from blood, inulin is excluded from both, and urea is partially excluded
from the seminiferous tubules but not the epididymis. In the rat, entry of

urea into the seminiferous tubules is facilitated by a process of active
transport, suggesting that the partial exclusion from the hamster testis may
result from free entry combined with active transport outward. Preliminary
studies of vasectomized hamsters indicate no effect of the surgery at two

weeks but increased entry of urea into the seminiferous tubules at four
months after vasectomy.

Significance to Biomedical Research and the Program of the Institute : Data
from this project are providing significant new information on changes in

the physiology of the male reproductive tract after vasectomy and thus clues
to the origin of immune reactions to the procedure and adverse effects on

subsequent fertility after vas reanastomosis

.

Proposed Course : Work under this contract is now directed to determining the
effects of vasectomy on the transport of labeled tracers of various sizes ^

.

across the blood-testis barrier and epididymal wall and on osmolality and

electolyte concentration in luminal fluids, and to completing related
morphological studies. This work is expected to require another year for

completion.

%
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Contract Title: Endocrine Changes in Vasectomized Men
Contract Number: NOl-HD-2-2776
Contractor: University of Texas Medical School at Houston
Money Allocated: $85,553

Objectives : The purpose of this study is to determine whether vasectomy has
adverse effects on endocrine function as judged by circulating levels of
gonadotrophic and gonadal hormones. Serial plasma levels of FSH, LH, testos-
terone, estradiol and 20a-dihydroprogesterone are being determined in 200
men before and at intervals up to 3 years after vasectomy.

Major Findings : All plasma samples for this study have been obtained. In
data reported previously, mean plasma testosterone levels, although all within
normal limits, showed a statistically significant elevation beginning at six
months after vasectomy and continuing through the two year samples. Extensive
statistical analyses demonstrated that this elevation is apparently related
to assay variability over time. All samples for testosterone determinations
are being re-run, testing all specimens from each patient in a single assay
and using multiple control specimens to test for assay variability. Assays
for FSH, LH, and estradiol are being completed - thus far there is no evi-
dence for any significant alterations due to vasectomy.

Significance to Biomedical Research and the Program of the Institute : This
study will provide longitudinal data on the effects of vasectomy on the major
reproductive hormones in a large series of patients followed for 2-3 years.
It may also make a significant contribution to statistical and assay method-
ology used for longitudinal studies of endocrine function, a problem of in-
creasing importance since the development of radioimmunoassays has made such
studies feasible.

Proposed Course ; It is expected that the remaining assays will be run and
data analysis will be completed early in FY 1979.
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Contract Title: Innnunopathologic Consequences of Vasectomy
Contract Number: NOl-HD-3-2717
Contractor: University of New Mexico ^p.
Money Allocated: $111,616 (Ji'

Objectives : This contract supports studies of immunopathologic effects of

vasectomy in experimental animals and man. In vasectomized men, the investi-
gations are directed to defining the class and antigenic specificity of cir-
culating antibodies to sperm antigens, the development of cell-mediated immun-
ity, and the detection of circulating immune complexes. In vasectomized animals
and animals with experimental allergic orchitis (EAO) , pathological changes in

reproductive and other organs are being evaluated and efforts are being made
to define the roles of specific sperm antigens, T and B cells, and tolerance
or the lack thereof, in the development of pathology.

Major Findings : This contractor has identified a group of surface autoantigens
of guinea pig testicular cells and sperm (designated testicular cell-sperm
differentiation autoantigens, TSDA) and developed a cellular radioimmunobinding
assay for quantitating anti-TSDA antibody. TSDA is not detectable on Sertoli
cells, spermatogonia, spermatocytes or early spermatids but is demonstrable
on 100% of type 6 and later spermatids and mature sperm. Anti-TSDA antibodiesA
are demonstrable in vasectomized guinea pigs and guinea pigs with EAO but not ^
in normal animals. Guinea pigs vasectomized for 16 months demonstrate testic-
ular lesions typical of EAO, these lesions are seen in the contralateral testis
after unilateral vasectomy, and they can be adoptively transferred by peritoneal
exudate cells of vasectomized guinea pigs injected in syngeneic recipients.

Other studies under this contract are defining the interactions of vasectomy
and immunization in the development of EAO and immune complex orchitis in

rabbits, and determining the incidence, size, and antigenic specificity of

circulating immune complexes in vasectomized and control men.

Significance to Biomedical Research and the Program of the Institute : It is

now established that vasectomy in rabbits leads to a post-vasectomy orchitis

involving deposition of immune complexes and destruction of the seminiferous

epithelium. It is also established that variants of this process occur in

guinea pigs and monkeys, with immune complex deposition in the efferent ducts
and epididymis rather than the testis, but equal potential for damage from

circulating immune complexes. Studies under this contract are providing basic

#

information on the immunopathologic mechanisms involved, including the specific
antigens which induce disease, the role of cell mediated immune responses, and

the possible dissemination of disease to the kidney and perhaps other organs

by immune complexes circulating in the blood.

Proposed Course : During the next several years, this contractor is expected
to document the presence or absence of circulating immune complexes specific
for sperm antigens in sera from vasectomized men, guinea pigs and rabbits, ^
and to study the roles of immune complex deposition, humoral antibodies, and

T-cell mediated immunity to specific antigens in the development of post-
vasectomy orchitis and EAO in guinea piga~and rabbits.
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Contract Title: USC Collaborative Study of the Effects of Vasectomy
Contract Number: NOl-HD-3-2757
Contractor: University of Southern California Medical Center
Money Allocated: $73,983 (FY 1977 Funds)

Objectives : The purpose of this contract was to evaluate the health effects
of vasectomy in a small group of patients studied prospectively and compared to

matched controls.

Major Findings : Fifty-eight vasectomy patients and 58 matched controls were en-
rolled in this study and followed for periods up to two years. The evaluation
included a health inventory, physical and urological examination, clinical lab-
oratory tests, psychological testing, and immunological studies. In addition,
41 of the subjects and their controls were tested for circulating levels of re-
productive hormones (FSH, LH, testosterone, estrone and estradiol) at monthly
intervals. No evidence of disease was seen in any of the patients, and signifi-
cant differences between patients and controls were seen only in tests for cir-
culating antibodies to spermatozoa. More than half the vasectomized men had
demonstrable levels of sperm agglutinating and sperm immobilizing antibodies
by six months after surgery, and more than 60% at two years. This is to be
compared with no positive tests before vasectomy and with percentages positive
ranging up to 5 % for sperm agglutination and 10% for immobilization in the
control subjects. The hormonal tests revealed no significant differences between
mean serum levels of each of the hormones in vasectomized men and controls.

Significance to Biomedical Research and the Program of the Institute : Results
from this contract are in agreement with other contract-supported studies that
serious medical sequelae of vasectomy, if they occur, are relatively rare or
occur more than two years after surgery. The only significant change seen in
small numbers of patients followed for two years has been the consistent develop-
ment of circulating antibodies to spermatozoa in a substantial proportion of

vasectomized men. The long-term medical significance of this response remains
to be determined.

Proposed Course: Work under this contract has been completed.
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Contract Title: Immune Alternations Associated with Vasectomy

Contract Number: NOl-HD-3-27 59

Contractor: Baylor College of Medicine ^
Money Allocated: $18,637 (FY 1977 Funds) W
Objectives : This contract supports a prospective study of immunologic func-

tion in vasectomized men. Parameters studied include sperm agglutinating,

sperm immobilizing and cytotoxic antibodies, serum immunoglobulins and com-

plement, circulating immune complexes, C reactive protein, sedimentation rate,

urinalysis, and clinical status.

Major Findings : One hundred and fourteen patients have been enrolled and

followed for up to 54 months after surgery. Antisperm antibodies are consis-

tently present in 2/3 of the men at each time interval as determined by the

Kibrick sperm agglutination assay, 1/3 by the Isojima sperm immobilization

assay, and 45% by the Franklin-Dukes assay. These compare with incidences of

5%, 1%, and 9% preoperatively . There is no evidence for a significant drop

in antibody incidence or titer in the first 42 months; higher percentages
are seen at 48 and 54 months in the small number of patients who have reached

these time periods. Cytotoxic antibodies are seen in 21 of 50 patients tested.

There appeared to be no correlation between antibody titers and complaints oA
physical findings suggestive of local complications. There was a slight drop"'

IgG and IgM levels at 6 weeks after vasectomy, followed by a gradual rise to

levels above baseline by 12-24 months. Data on cell-mediated immunity to

sperm antigens were inconclusive, probably because of the lack of purified

antigens, and other assessments, including complement levels, sedimentation

rate, urinalysis, and tests for circulating immune complexes did not reveal

abnormalities

.

Significance to Biomedical Research and the Program of the Institute : This

contractor has clearly documented the frequency and time course of antisperm

antibodies in vasectomized men followed for four years. Correlations with

other immunologic changes and with local pathologic sequelae have not been

found. Results from this contract and others in this program suggest that

adverse effects of vasectomy, if they occur, are rare or occur only at inter-

vals of several years after the operation.

Proposed Course : Work under this contract has been completed. ^

C
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Contract Title: Long-Term Effects of Vasectomy in the Rhesus Monkey
Contract Number: NOl-HD-4-2866
Contractor: Oregon Regional Primate Research Center
Money Allocated: $83,694

Objectives : The purpose of this contract is to evaluate the effects of
vasectomy in 36 rhesus monkeys which were vasectomized up to 13 years ago.
Parameters studied include general health status, hormone levels, humoral
and cell mediated immune responses to sperm antigens, autoantibodies to
non-genital antigens, and complete pathologic and immunopathologic assess-
ment at autopsy.

Major Findings : Preliminary pathologic evaluation indicates that immune
complex deposition is much more frequent in the efferent ducts and epidid-
ymis of long-term vasectomized monkeys than in control animals but, in con-
trast to the situation in rabbits, immune complexes are only rarely seen
in the seminiferous tubules. In studies of cell mediated immunity, a re-
duction in in vitro reactivity to PHA mitogen but not con A has been seen
with time after vasectomy. No significant differences were seen in levels
of reproductive hormones and no autoantibodies to non-genital tissues have
been detected. Blood biochemical values were no different in vasectomized
and control animals . One vasectomized monkey was found to have repeatedly
high levels of fibrin monomer complexes ; this animal later died during a

routine biopsy procedure and the question of disseminated intravascular
coagulation has been raised.

Significance to Biomedical Research and the Program of the Institute ; This
contract offers a unique opportunity to evaluate the long-term effects of
vasectomy in a subhuman primate. Complete examination at autopsy and thor-
ough immunopathologic evaluation of tissues should provide significant in-
formation on possible pathologic consequences of vasectomy in man.

Proposed Course : Histopathologic and immunopathologic studies of tissues
obtained at autopsy from vasectomized and control monkeys will be completed
during the next year

.
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Contract Title: Sperm Immunology

Contract Number: NOl-HD-5-2834
Contractor: Netherlands Cancer Institute ^
Money Allocated: $45,778 (FY 1977 funds) 9

Objectives : This contract supports work on isolation and characterization

of autoantigens from human spermatozoa and testing of sera from vasectomized

and infertile men for antibodies to the isolated antigens.

Major Findings : Human protamines 1 and 2, the first human spermatozoal

antigens to be isolated, were identified, isolated and characterized under

this contract. Antibodies to these antigens occur in about 25% of vasecto-

mized men by 1 year after vasectomy. Human LDH-X has also been isolated

under this contract and a competitive assay developed for it. Antibodies

to human LDH-X were found only rarely in sera from vasectomized and naturally

infertile men but were found in 10% of infertile women. Longitudinal studies

of vasectomy patients indicate that sperm agglutinating and sperm immobiliz-

ing antibodies generally appear, if at all, during the first post-operative

year, and titers are unchanged or increased 5-6 years later. After vas

reanastomosis , antibody titers were unchanged or increased, but not decrease^
as might be expected. Efforts to isolate and characterize the sperm mem-

brane antigens involved in sperm agglutination and sperm immobilization have

thus far not been successful.

Significance to Biomedical Research and the Program of the Institute : Progress

in investigations of the immunologic consequences of vasectomy requires isola-

tion of the specific antigens involved in humoral and/or cell mediated immune

reactions and development of reliable assays for measuring these responses.

Tests for anti-protamine antibodies developed under this contract are now in

routine use in a number of laboratories, as are several improvements in assays

for sperm agglutination and sperm immobilization. Isolation of the antigens

involved in the latter two reactions would be particularly useful since it

would permit testing of their possible role in cell-mediated immune responses

in vasectomy.

Proposed Course : Work under this contract is expected to be completed this

year

.

^
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Contract Title: Immunologic Studies of Vasectomy
Contract Number: NOl-HD-5-2841
Contractor: Wayne State University
Money Allocated: $140,028

Objectives : This contract supports prospective clinical studies of vasecto-
mized men with and without a genetic predisposition to autoimmune disease.
Parameters measured include health status, circulating antibodies to sperm
and to non-genital tissue antigens, and circulating immune complexes.

Major Findings : One hundred ninety-four men have been studied before vasec-
tomy and at 6 weeks and 1 and 2 years after vasectomy. These include 73 men
with a positive personal or family history of autoimmunity, 69 with question-
able histories, and 52 with no history of autoimmune diseases. Patients with
a history of autoimmune disease demonstrated a slightly greater frequency
and higher titer of postoperative antisperm antibodies, as did men vasecto-
mized at younger ages. An increased incidence of local and systemic complaints
elicited by questioning at 1 and 2 years after vasectomy was seen in patients
with a positive or questionable autoimmune history (52 and 59% respectively,
as compared with 36.5% in those with negative histories), and also in patients
positive for antisperm antibodies (66.7% vs 36.9%). Comparisons with non-
vasectomized men with similar autoimmune histories have not yet been made.

Significance to Biomedical Research and the Program of the Institute : Al-
though a substantial proportion of vasectomized men develop an immune re-
action to sperm antigens which could lead to a variety of immunologic disorders
such as those recently discovered in rabbits and monkeys, no serious sequelae
have as yet been identified in vasectomized men. Vasectomy patients who are
genetically predisposed to autoimmune diseases offer an enriched population
in which rare sequelae of vasectomy may be more frequent and thus easier to

identify.

Proposed Course : Studies according to the present protocol may be continued
for several years.
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Contract Title: Immunologic Studies of Vasectomy
Contract Number: N01-HD-5-28A2
Contractor: University of Connecticut Health Center ^
Money Allocated: $182,800 W

Objectives : This contract supports immunologic investigations of the effects
of vasectomy, particularly the development of immune responses to sperm
antigens and the incidence and course of immune complex orchitis in a number
of species and strains of laboratory animals.

Major Findings : Tests of 11 genetic strains of rats and 9 of mice have de-
monstrated that some strains are "good responders" in developing antisperm
antibody after vasectomy and others are "poor responders" or "non-responders."
These differences are not related to known immune response genes. Prelimi-
nary pathologic studies of testes from 50 vasectomized rats which did develop
antisperm antibodies revealed no immune complex deposits such as those seen
in vasectomized rabbits, but histologic damage was present in the seminifer-
ous tubules of most of the animals. Further studies are needed to clarify
whether this damage represents a later stage of the immune complex disease
seen in vasectomized rabbits or is unrelated to immunologic responses. Im- ^
munopathologic studies of testicular biopsies from 21 men undergoing vas
reanastomosis have been negative for immune complex deposition, but this

may be related to the fact that the patients studied had low titers of anti-
sperm antibodies.

Significance to Biomedical Research and the Program of the Institute : The
recognition of responder and non-responder strains of rats and mice makes it

possible to select appropriate strains for studies of effects of vasectomy
and may also contribute to basic knowledge of the genetic control of immune
responsiveness. The immune complex disease first reported by this contractor
in vasectomized rabbits has now been confirmed by other investigators in

this species, and it is important to determine if and under what circumstances
similar pathology occurs in other species and particularly in man.

Future Course : Studies are continuing to define the course of post-vasectomy
immune complex orchitis in a number of species and strains of laboratory ani-
mals and to determine whether it occurs in vasectomized men. A
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Contract Title:

Contract Number
NOl-HD-6-2807
NOl-HD-7-2801
NOl-HD-7-2802
NO1-HD-7-2803

Health Status of American Men

Contractor
University of California at Los Angeles
Mayo Clinic
University of Southern California
University of Minnesota

Money Allocated
$289,000
170,000
358,058
275,938

Objectives : The purpose of this collaborative study is to identify long-term
health hazards which may be associated with vasectomy as a contraceptive pro-

cedure. The current health status and medical histories of previously vasec-
tomized men will be compared with those of non-vasectomized control groups.

The contracts with the Mayo Clinic, USC and the University of Minnesota pro-

vide for data collection according to a common protocol, and the contract

with UCLA provides for project coordination and data analysis.

Major Findings : In the first phase of this study, a detailed protocol and

manual of procedures was developed and subjects for the study were identified.

The study is now in the data collection phase and information has been obtained
and processed on over 3500 subjects. At least two years will be required to

complete the data collection phase. Preliminary findings from analysis of

the early data cannot be expected for at least another year.

Significance to Biomedical Research and the Program of the Institute : Vasec-

tomy is an increasingly popular method of contraception which has generally

been considered to have no adverse effects. However, it is known that a sub-

stantial proportion of vasectomized individuals develop circulating antibodies
to spermatozoa and that, in rabbits, this immune response can result in dis-

ease of the testis and Sidney. Other adverse consequences are also theoreti-

cally possible. This study is expected to identify any significant medical
problems which may occur in higher proportion in vasectomized men as compared

to controls, or to demonstrate the safety of the procedure within the limits

of detectable risk imposed by feasible sample sizes.

Proposed Course ;

least two years.

The data collection phase is expected to continue for at
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Contract Title: Effect of Bilateral Vasectomy on the Progression and Regres-
sion of Atherosclerosis in Macaca fascicularis

Contract Number: NOl-HD-8-2827
Contractor: Oregon Regional Primate Research Center and Bowman Gray

School of Medicine
Money Allocated: $137,505

#

Objectives : The purpose of this contract is to pursue preliminary findings
by the contractors which indicate that vasectomy may significantly increase
the severity of atherosclerosis in monkeys fed a high cholesterol diet. The
effects of vasectomy on atherogenesis will be studied in normocholesterolemic
and hypercholesterolemic monkeys fed a diet comparable in cholesterol content
to that of the average American man. The possible therapeutic role(s) of a
more prudent diet and/or vas re anastomosis on regression of established ath-
erosclerosis will also be evaluated.

Major Findings : There are no findings under this contract so far since work
was initiated in the last two months of the fiscal year and the first step is
acquisition of a large number of monkeys from an importer.

Significance to Biomedical Research and the Program of the Institute : Vasec-
tomy is increasingly popular as a method of permanent contraception and has
been used by millions of American men. No serious long-term medical conse-
quences of the procedure have been identified but it is established that half
to two-thirds of these men develop antisperm antibodies after surgery. These
antibodies may circulate as complexes and there is a body of evidence suggest-
ing that circulating immune complexes exacerbate the atherogenic process. If

the contractor's preliminary findings in monkeys are confirmed and are applic-
able to human beings, they would suggest that vasectomized men with high chol-
esterol levels may be at high risk for cardiovascular diseases attributable
to atherosclerosis.

Proposed Course : Studies under this contract are expected to require five
years to complete.
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Contract Title: Effects of Contraceptive Agents, Related Methods and
Procedures and Frequency of Birth Defects

Contract Number: N01-HD-4-28A5
Contractor: University of Colorado Medical Center
Money Allocated:

Objectives : To estimate the effect of contraceptive practices and related
procedures on the risk of birth defects and other infant characteristics.

Major Findings : This project was composed of two components:

1) A cohort study of women interviewed during prenatal care concerning
exposure to contraceptive sex steroids at or around the time of conception.

2) A case-control study of children with congenital heart defects and
normal controls. The mothers of cases and controls were interviewed
concerning exposure to contraceptive sex steroids at or around the time
of conception.

The data from this project suggest that exposure to oral contraceptives at or

about the time of conception may increase the risk of some birth defects
most often cardiovascular by about 2 fold.

Significance to Biomedical Research and Program of the Institute : This
project is one of several CEB projects aimed at assessing the effect of

exposure to contraceptive steroids, hormonal pregnancy tests, and supportive
hormone therapy on the risk of birth defects and other infant characteristics
such as low birthweight.

Proposed Course : This project is completed.
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Contract Title: Level of Risk of Female and Male Offspring of Mothers
Exposed to Ingestion of Diethylstilbestrol During Pregnancy

Contract Number: NICHD-CEB-7 4-2850

Contractor: University of Chicago W
Money Allocated: $357,260

Objectives : This project is to determine the effects of prenatal exposure to

diethylstilbestrol (DES) on the health of male and female offspring and also

to determine whether there is a risk of cancer of the breast and other organs

associated with the use of DES by the mothers.

Major Findings : Interim analysis of the data on the mothers exposed to DES

and their controls revealed an increased risk of cancer of the breast which
was not quite statistically significant at the .05 level. However, there

was a significant excess in deaths from cancer of the breast and reproductive
organs among DES exposed women as compared to their controls. Moreover, there

also was an increase in number of cancer of the ovary and cervix among women
with DES exposure. These observations have led to the appointment of a DES

Task Force by the Assistant Secretary of HEW in order to evaluate the overall

public health implication of the adverse effects of DES.

cSignificance to Biomedical Research and the Program of the Institute : This ^-

is an unique study which is based upon a controlled clinical trial to eval-

uate the effectness of DES in improving pregnancy outcome conducted in the

early 1950 's in Chicago. Adverse effects of prenatal hormonal exposure on

the reproductive system of the female and male offspring are of importance

to the program of the Institute. Moreover, since it is as yet unclear whether

this adverse effect is specific to DES rather than an estrogen effect, obser-

vations from this study may have implications for other types of prenatal

estrogen exposure.

Proposed Course : This project has just been renewed for a period of three

years. During this time, the female offspring will be reexamined at intervals

of one year to determine whether there is an increase risk of cancer associate

with prenatal DES exposure and also to identify specifically problems associ-

ated with reproduction. In addition, there will be an assessment of the

overall health status of the male offspring including fertility or infertility

as the case may be. Further, there is to be another ascertainment of advers

health effects in the mothers with specific emphasis on the identification o

cancer of the breast and other organs.
It
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Contract Title: The Effect of Oral and Other Contraceptives on Congenital
Abnormalities and Outcome of Pregnancy

Contract Number: NOl-HD-4-2853
Contractor:! Hebrew University-Hadassah Medical School, Jerusalem, Israel

Money Allocated: No FY 78 Funds

Objectives : The study is evaluating the effects of contraceptives used prior

to and around the time of conception or early in pregnancy on the outcome of

pregnancy. These include the determination of the risk of congenital malfor-

mations, chromosomal aberrations, low birthweight and perinatal mortality.

Major Findings : The systematic analysis of the data collected by this project

has revealed little if any effect of former pill use on subsequent pregnancies

.

The project observed 108 babies bom after pill failures, two of which had

major malformations. There was also a slight but nonsignificant increase

in abnormal pregnancy outcomes conceived after prior pill use among women

over 35 years of age or who were underweight for their height.

Significance to Biomedical Research and Program of the Institute : It is of

great importance to the public to define risks to the health of the fetus

associated with prior contraceptive exposure.

Proposed Course : The analysis of the data is completed and has been pre-

sented in a comprehensive final report which will be published in the near

future.
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Contract Title:

Contract Number
Contractor

:

Money Allocated:

Prospective Study of the Effects of Contraceptive Agents,
Related Methods and Procedures on the Frequency of Birth
Defects
NICHD-CEB-74-2861
Kaiser Permanente Medical Center, Walnut Creek, California
$266,201

Objectives : This project is to determine adverse effects of contraceptive
agents used at or around the time of conception or early in pregnancy on the

fetus. Among the adverse effects to be determined are birth defects, perinatal
mortality, and low birth weight.

Major Findings : This project has attained its goal of about 35,000 registered
pregnancies including their pregnancy outcome. The data collected have been
converted to tape and are being readied for data analysis. A plan for the

analysis of the data has been laid out.

Significance to Biomedical Research and the Program of the Institute : Modern
methods of contraception are in wide spread use. The concern has been ex-

pressed that the use of some of these methods immediately before or around ^
the time of conception may have an adverse effect on the fetus particularly ^
regarding the risk of congenital malformation. To obtain answers to these

questions is of concern to this Institute and also to the million users of

these modern methods.

Proposed Course : The systematic analysis of the data collected has just

started. This will go in phases proceeding with effects on congenital mal-

formations, low birth weight and perinatal mortality. It will take into

consideration other known risk factors of abnormal pregnancy outcome. These

analyses will be completed by the early part of next year.
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Contract Title: Methods of Contraception, Pregnancy Tests, and Congenital
Malformations, and Epidemiological Study

Contract Number: NOl-HD-5-2800
Contractor: Yale University Medical School - New Haven, Connecticut

Money Allocated:

Objectives : To estimate the effects of contraceptive practices and related
procedures on the risk of birth defects and other infant characteristics.

Major Findings : This project was an case-control study of 1,370 newborns

with congenital malformations (the cases) and 2,968 healthy newborns (the

controls). Maternal use of oral contraceptives during the year prior to

conception or during pregnancy did not appear to affect the overall risk of

malformations in the offspring. However, women who both smoked cigarettes

and used oral contraceptives doing pregnancy were at increased risk of deliv-

ering a malformed child. It is not certain whether this observation is due

to a causal synergistic interaction between cigarette smoking and oral con-

traceptive use or due to undetected confounding.

In addition to the findings described above, this project provided information

concerning the effort of oral contraception on twinning rates, the effect of

some environmental factors on the risk of congenital heart disease, and other

issues.

Significance to Biomedical Research and Program of the Institute : This

project was one of several CEB projects in the "Birth Defects Associated with

Contraceptives Practices" program area. It contributed to a pool of infor-

mation which allowed comprehensive assessment of the effect of contraceptive

practices and related procedures on the risk of birth defects and other infant

characteristics

.

Proposed Course : The project is completed.
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Contract Title: Contraceptive Agents and Birth Defects
Contract Number: NICHD-CEB-75-2801
Contractor: Harvard School of Public Health, Boston, Massachusetts

Money Allocated: ^

Objectives : To estimate the effect of contraceptive practices and related

procedures on the risk of birth defects and other characteristics of infants.

Major Findings : This project was divided into two parts. Part I was a cohort

study of 66,000 women in metropolitan Boston whose contraceptive practices

and reproductive experience were carefully followed. Pregnancy outcomes were

compared for subgroups with different contraceptive use histories.

Part II of this study was a case-control investigation of children with con-

genital cardiac defects who were born in Massachusetts after December 31, 1972.

In this project, evidence was found that the offspring of women who became

pregnant during or shortly after oral contraceptive use:

1) Show no shift from the expected male: female ratio. Jb^

2) Survive as expected.

3) Appear to be somewhat more likely than expected to be dizygous

twins

.

4) Show no large overall increase in the rate of birth defects

recorded at birth.

5) Appear to be at a moderately increased risk of congenital heart

disease.

Significance to Biomedical Research and Program of the Institute : The effect

of contraceptive practices on the risks of birth defects and other character-

istics of infants has been an issue of public health concern. This project

contributed information on this issue.

Proposed Course : The project is completed,
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Contract Title: Evaluation of the Effects of Contraceptive Agents, Related
Methods and Procedures and Frequency of Birth Defects

Contract Number: NOl-HD-5-2802
Contractor: New York State Department of Health, Albany, New York

Money Allocated:

Ob.jectives : To estimate the effects of contraceptive practices and related

procedures on the risk of birth defects.

Major Findings : Interviews were conducted with 715 mothers of children with

birth defects (108 limb reduction defects, 201 neural tube defects, 99

hypospadias, 103 Down's syndrome, 104 cardiovascular defects, and 100 multiple

birth defects) and a matched group of 715 mothers of normal children. Addi-

tionally, data was gathered from 2,015 mothers of normal children born in

1974.

The contractors have reported a positive association between intrauterine

exposure to exogenous sex steroids (hormonal pregnancy tests, supportive

hormone therapy, and inadvertant oral contraceptive use) and limb reduction

defects. They have also published: 1) an hypothesis concerning fertility

patterns after discontinuation of use of oral contraceptives, and 2) analyses

and interpretations concerning the effect of oral contraceptive use on the risk

of benign breast disease. These latter two publications were derived from

the data gathered to perform the contracted work.

The contractors analyzed the cardiovascular defect series data. The ensuing

manuscript was accepted by the British Medical Journal . The study reported

an 8.5 fold higher in utero exposure to exogenous sex steroids among the cases

as compared to the controls. Most exposures were the result of hormonal

pregnancy testing.

In another completed analysis, the contractors found no effect of oral contra-

ceptive use before or during pregnancy on the risk of Down's syndrome.

Significance to Biomedical Research and the Program of the Institute : The

data from this project suggest that hormonal pregnancy testing is unwise, as

this procedure is not essential and may increase the risk of cardiovascular

birth defects when the tested woman is in fact pregnant. This finding is of

practical importance.

Proposed Course : The project is completed.
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Contract Title: Maternal Factors in Birth Defects
Contract Number: NICHD-CEB-7 6-2800

Contractor: University of Maryland School of Medicine, Baltimore, MD
Money Allocated: ^

Obj ectives : To estimate the effect of contraceptive practices and related
procedures on the risks of birth defects.

Major Findings : This project is a matched case-control study of infants with

conotruncal heart malformations who were born in hospitals served by the

Regional Intensive Care Nursery Unit of Maryland. Approximately 100 infants

with conotruncal heart malformations, 30 disease controls (hypoplastic left

heart syndrome), and 300 healthy controls are being studied.

Matching of controls to cases has proceeded well. Interviewing of study sub-

jects (mothers of cases and controls) is nearly complete.

Data analysis is beginning.

Significance to Biomedical Research and Program of the Institute : Available
data suggest an increased risk of conotruncal heart malformations among

infants exposed to exogenous female sex steroids at or around the time of

conception. This project will provide substantial additional information

on this subject.

Proposed Course : Data collection is terminating and data analysis is begin-

ning; the analysis will be completed within a few months.

c
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Contract Title: Metabolism of Steroidal Oral Contraceptives
Contract Number: NOl-HD-1-2297
Contractor: Medical College of Georgia
Money Allocated: $69,988

Objectives : The purpose of this contract is to obtain information on the
plasma half-life, metabolic clearance rate, and urinary and circulating
metabolites of norethindrone and mestranol in normal women of reproductive
age and on the effects of chronic use of steroid contraceptives on these
parameters.

Major Findings : In earlier years, this contractor has determined the metabolic
clearance rates of norethindrone and mestranol in women and has demonstrated
that the rate for norethindrone is significantly increased after chronic oral
contraceptive use but that for mestranol is unchanged. He has also demon-
strated a stepwise buildup of circulating metabolites after daily oral admin-
istration of radiolabeled norethindrone and mestranol. In the past year,
blood levels of norethindrone and metabolites have been monitored at 5-day
intervals in five patients who received daily oral doses of Ortho-Novum 2 mg
for four consecutive treatment cycles. In most subjects, metabolite concen-
trations built up to high levels by the middle of each treatment cycle and
returned to low but measurable levels during the 5-day period without medi-
cation, but in one subject, blood levels appeared to increase with each
successive treatment cycle. Analysis of blood samples from a volunteer
receiving tritiated norethindrone at the contraceptive dose for 6 days demon-
strated a stepwise increase in the 56,38 tetrahydro reduced metabolite,
particularly in the sulfate fraction.

Significance to Biomedical Research and the Program of the Institute : Oral
contraceptives are used by large numbers of normal women of reproductive age
but little is known of the metabolism of these agents. This project is pro-
viding basic pharmacologic data on two of the most commonly used contraceptive
steroids. The accumulation of long-lasting circulating metabolites is an
original finding of particular significance since adverse effects of the oral
contraceptives may be due to the actions of these derivatives which are present
in blood for long periods of time.

Proposed Course : Work under this contract is expected to be completed this
year.
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Contract Title: A Comparative Study of Progestin Metabolism and Mechanism
of Action

Contract Number: NOl-HD-2-2730
Contractor: Pennsylvania State University
Money Allocated: $299,930

m

Objectives : This contract supports comparative studies of the metabolism and

biological effects of a series of progestational agents in monkeys, dogs, rats,

mice, and human subjects. The investigations include determination of meta-
bolic clearance rates, hepatic and extrahepatic metabolism, and the effects

of the progestins on a wide range of biochemical parameters in various target

tissues.

Major Findings : Work under this contract has previously demonstrated that

progestins may have biochemical effects similar to those of androgens or may

enhance or inhibit the effects of androgens. It has been postulated that

these effects may be mediated through binding to the androgen receptor.

Recent work has correlated the in_ vitro binding affinity of a series of pro-

gestins to the cytoplasmic and nuclear androgen receptors of mouse kidney ^
with their biological activities. From these studies, it is concluded that ^,
the multiple actions of progestins cannot be predicted accurately from their

binding affinity to receptors assayed in cytosol. Experiments to delineate
binding to nuclear receptors are in progress.

In other work, experiments on the metabolic clearance rates of medroxyprogest-

erone acetate and 6-methylprogesterone in beagles, humans and rats have been

completed and the data are being calculated, and assays for serum bile acids

are being tested as an index of hepatic toxicity of contraceptive steroids

in women.

Significance to Biomedical Research and the Program of the Institute : This

wide ranging study is providing fundamental quantitative information on the

effects of progestins in a variety of systems and several species. The infor-

mation should contribute to a better understanding of the effects of these

contraceptive steroids in women and to the development of methods for pre-

dicting the effects of specific compounds in animal tests.

f
Proposed Course : Major portions of this contract have now been completed and

the remainder are expected to be completed or phased out over the next year.
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Contract Title: Comparative Pharmacology of Steroid Contraceptive Drugs
Contract Number: NOl-HD-2-2733
Contractor: Mario Negri Institute of Pharmacological Research
Money Allocated: $32,850

Objectives : The objective of this contract is to study a wide variety of
pharmacologic effects of contraceptive steroids in rats, mice and guinea pigs.
Models are being sought for further in-depth studies of the mechanisms involved
in adverse effects of these agents in man.

Major Findings ; In previous studies this contractor has demonstrated that in
rats, in contrast to other species of laboratory animals, the effects of contra-
ceptive steroids on lipid metabolism are quite similar to effects reported in
women. These effects include increased plasma triglyceride levels, decreased
plasma cholesterol, alterations in tissue lipid content, and a marked decrease
in basal lipolysis from adipose tissue. This contractor has now investigated
the mechanisms involved in steroid-induced hypertriglyceridemia in rats and
has shown that it is associated with chylomicrons and very low density lipo-
proteins, it is related to altered triglyceride clearance, and this effect is
due to alterations in triglyceride hydrolysis by the lipoprotein lipase system.
The effects have been shown to be due to alterations in specific apoproteins
resulting in reduced availability of substrate for lipoprotein lipase activity.

In other work, this contractor has demonstrated that treatment of rats and mice,
but not guinea pigs, with contraceptive steroids can significantly modify the
activities of enzymes involved in epoxide metabolism. Such an effect could be
significant because of the putative role of epoxides in carcinogenesis, and
co-carcinogen studies with hydrocarbons are in progress in rats.

Significance to Biomedical Research and the Program of the Institute : This
project has accumulated a large amount of data on the effects of contraceptive
steroids on a wide range of functions in three species of laboratory animals.
The data make it possible to select appropriate species for further investi-
gations on the basis of similarity of the responses to those known to occur
in women, and they are also providing a number of leads to the mechanisms in-
volved in adverse effects of the steroids.

Proposed Course ; Work under this contract will be completed this year.
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Contract Title: Survey of Womens

'

Health and Birth Control Methods
Contract Number: NOl-HD-7 5-2852 $219,094

NOl-HD-7-2811 88,000 _,
NOl-HD-6-2806 53,250 P
NGl-HD-7-2807 88,000
NOl-HD-6-2804 33,306
NOl-HD-7-2808 90,700
NOl-HD-7-2809 71,782
NOl-HD-7-2812 63,500
NOl-HD-6-2805 17,954
NOl-HD-7-2810 89,184

Contractors: Biostatistics Center, George Washington University,
and nine clinical centers

Money Allocated: $814,770

Obj ectives : To estimate the risk of pelvic inflammatory disease, spontaneous
abortion (with and without sepsis), serious vaginal bleeding, uterine perfora-
tion, ectopic pregnancy, placenta previa, and abruptio placenta among women
using lUDs, relative to the risk among women not using lUDs. Further, to

compare risks for specific lUDs (by means of a multiple case-control study) ^•^

Major Findings : The study design, manual of study procedures, and data forms
were developed in the initial phase of this project. The project is now near
completion of the data acquisition phase. Preliminary analyses indicate that
the control series is suitably comparable to the case series with regard to

important descriptive factors. Preliminary analyses also suggest the anti-
cipated relationship between pelvic inflammatory disease and lUD use (increased
risk among lUD users)

.

Significance to Biomedical Research and Program of the Institute : An increased
risk of pelvic infection and other gynecologic disorders among lUD users has

been reported in the literature. The current study is much larger and more
detailed than the previously reported studies. This will allow analyses aimed
at characterizing women at especially high risk for complications of lUD use,

and will also allow comparisons of risks for the different lUDs currently in

use.

Proposed Course : Data acquisition is scheduled to terminate September 30, ^
1978. One year of data analysis will follow.
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Contract Title: Effects of Induced Abortion on Subsequent Reproductive
Function and Pregnancy Outcome in Hawaii

Contract Number: NOl-HD-76-2801
Contractor: University of Hawaii at Manoa

Money Allocated: $225,000

Objectives : To estimate the effects of induced abortion on subsequent repro-

ductive function by linkage of state abortion records with vital statistics.

Specifically, to study the effects of induced abortion upon rates of subse-

quent spontaneous abortion, premature birth, and other birth related disorders.

Major Findings : Pregnancy outcomes which occurred between January, 1971 and

December, 1976 are being compared for 16,500 women who collectively underwent

17,702 recorded induced abortions between July, 1970 and June, 1974 and two

control groups: 1) all live births and fetal deaths which occurred in the

State of Hawaii between January, 1971 and December, 1976 minus those which

occurred to women in the "recorded induced abortion" group; 2) all live

births and fetal deaths which occurred between January, 1971 and December, 1976

to women without a prior recorded induced abortion who are matched to the

women with such a history for maternal age, racial background, residence

(urban vs. rural), and birth order.

The preliminary analyses of these comparisons suggest a higher rate of

spontaneous abortion and fetal death among women with prior recorded induced

abortions than among women with no prior recorded induced abortions.

A follow-up study based on a sample of the total cohort study subjects is

being developed to estimate whether loss to follow-up varied according to

prior abortion history. Also, data on important potential confounding factors

such as cigarette smoking will be gathered by direct interview of the subjects

selected (by random sampling) for the follow-up study.

Significance to Biomedical Research and Program of the Institute : This data

linkage project provides a large data base from which to estimate the effects

of induced abortion on subsequent reproductive fuction. It complements the

other data linkage project and the concurrent cohort study which constitute

the elements of this program area.

Proposed Course : This contract has been extended to September 21, 1980 to

allow completion of the follow-up course.

141



NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Contraceptive Evaluation Branch
Contract and Collaborative Research

Contract: A Prospective Study of the Effects of Induced Abortion on
Subsequent Reproductive Function

Contract Number: NOl-HD-76- 2802
Contractor: New York State Health Department
Money Allocated: $57,120

r

Objectives : To estimate the effects of induced abortion on subsequent repro-
ductive function by linkage of abortion registry data to vital statistics.

Major Findings: This project commenced September 1, 1975. The basis for the
study is the registry of 27,987 induced abortions recorded in upstate New
York between July 1, 1970 and June 30, 1971.

Women with recorded induced abortions are being compared to women with recorded
live births concerning the outcome of subsequent pregnancies.

Steady progress has been made in linking the exposed (abortee) and non-exposed
(non-abortee-live birth) womens ' index records with the records of subsequent
births and fetal deaths. Linkage through the registry of marriages has been
performed to account for name changes. A^

A sub-sample of the exposed and unexposed women has been studied via the motor
vehicles department registry of drivers' licenses to estimate whether loss to

follow-up has been different for the exposed and unexposed groups.

Establishment of the entire computerized data base is complete. Data analysis
is in progress. The preliminary analyses suggest an increased risk of adverse
pregnancy outcomes among women with prior induced abortions.

Significance to Biomedical Research and Program of the Institute : This very
large data linkage project will complement the other 2 projects in this pro-
gram area. Taken together, the three projects should increase knowledge con-
cerning the effects of current induced abortion practices on subsequent
reproductive function.

Proposed Course : Data analysis is progressing well. The completion date for

the project has been extended to August 31, 1979. This will allow analysis g^
of the effects of repeated induced abortions and further assessment of the ^'
validity of the findings reported thus far.
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Contract Title: Prospective Study of the Outcome of Pregnancy Following
Induced Abortion

Contract Number: NOl-HD-76-2803
Contractor: State University of New York
Money Allocated: $120,000

Objectives : To estimate the effect of a single induced abortion on reproduc-
tive function in the subsequent pregnancy by a cohort study of women with
(exposed) and without (unexposed) a history of a single induced abortion.

Major Findings : The study commenced October 1, 1976. Initial work involved
elaboration of the study protocol, establishment of arrangements with appro-
priate prenatal clinics, and development and field testing of the study data
forms

.

The study is now operational and data acquisition is proceeding in the pre-
natal clinics of several hospitals.

Procedures for data management and analysis have been established.

Significance to Biomedical Research and Program of the Institute : The effects
of induced abortion on subsequent reproductive function are of substantial
practical importance, given the widespread practice of induced abortion. This
project should provide a rather stable estimate of the effect of a single in-
duced abortion on subsequent reproductive function, and this will complement
the two data linkage projects in this program area.

Proposed Course : The data acquisition phase of this study will run for about
12-18 months. The time needed for subsequent data analysis and interpretation
will bring the total contract performance period to 3 years. Ultimately,
comparisons among women with and without a history of prior induced abortion
will be drawn concerning rates of spontaneous abortion, premature live birth,

stillbirth, ectopic pregnancy, etc.
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Contract Title: Case-Control Study of the Relative Risk of Malignant
Melanoma of the Skin Among Women on Contraceptive Steroids

Contract Number: NOl-HD-8-2803
Contractor: University of California, Los Angeles, California
Money Allocated: $35,948 from FY 1978 Funds

c

Objectives : These are to estimate the relative risk of malignant melanoma
in women exposed to steroid contraceptives taking confounding variables of

sunlight exposure and sun sensitivity into account. One-hundred-fifty
incidence cases are to be ascertained from the two population-based tumor

registries in Los Angeles and the five county San Francisco Bay area. Inci-

dence cases are preferred to prevalence cases since the effect of steroid
contraceptives on survival time is not known and to avoid errors in recall
and other biases in the interpretation and generalizability of results. For

each case two controls are to be selected, one of which is to be a longstand-
ing friend, the second a neighbor. Both are to be matched for age and skin

color. They will serve as partial controls for life-style, sun exposure and

sun sensitivity, judged from complexion and skin color. Variables not matched
in the design are to be analysed as covariates. Both matched pair and co-

variate analysis are to be used. A
Major Findings : None have yet been made. Since initiation of this contract,

ongoing work was limited to development and testing of the questionnaire,

which is being submitted for 0MB approval.

Significance to Biomedical Research and Program of the Institute : This is

marked

.

Proposed Course : Ascertainment of cases, controls, data collection and

analysis, as specified in the workscope.

«
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Contract Title: Case-Control Study of the Relative Risk of Malignant
Melanoma of the Skin Among Women on Contraceptive Steroids

Contract Number: NOl-HD-8-2804
Contractor: University of Sydney, Sydney, Australia
Money Allocated: $72,030 from FY 197 8 and FY 1979 Funds

Objectives : These are to characterize the association between use of oral
contraceptives and occurrence of malignant melanoma, the determination of

relative risk, causative and confounding factors. The most recent 300
prevalent cases in women aged 15-49 years, diagnosed since 1970 are to be
ascertained from the files of the Sydney Hospital, Melanoma Unit. Further,
100 incident cases are to be ascertained as they are diagnosed in Sydney

Hospital during the first 18 months of this contract. For each case selected,

one neighborhood and one hospital control, matched by year of birth, is to be

ascertained.

Cases and controls are to be interviewed using a questionnaire to obtain

contraceptive reproductive history and sunlight exposure. The presence of

confounding factors will be sought by stratification of data according to age,

parity, marital status, sunlight exposure, skin color or sun sensitivity. It

is projected to be able to detect a relative risk of 1.8 with 90% certainty
at a 1% significance level.

Major Findings : None have yet been made. Funding of the contract was

initiated on May 16, 1978.

Significance to Biomedical Research and Program of the Institute : This is

marked

.

Proposed Course : Ascertainment of cases, controls, data collection and

analysis as specified in the workscope.
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Contract Title:

Contract Number

:

Contractor:
Money Allocated:

Secondary Amenorrhea, Pituitary Adenoma and Oral Contracep-
tives - Data Coordination
NOl-HD-7-2834
Johns Hopkins University
$78,359

Objectives : This contractor serves as the coordinating center for a planned
multicenter case-control study of the relationship between secondary amenorrhea,
with and without pituitary adenoma, and use of oral contraceptives. The con-

tractor, in collaboration with the selected data contributing centers, is to

develop a detailed protocol, questionnaire and manual of procedures for the

study and plans for the data analysis.

Major Findings ; None to date. The study is in the early planning phase.

Significance to Biomedical Research and the Program of the Institute : Pituitary
adenomas are being diagnosed in increasing
amenorrhea. This may result from improved
technology which can now identify very sma
tumors are increasing in frequency. Many
in women who have discontinued use of oral
determine whether there is a correlation b

adenomas and previous pill use, and should
tionship from the reappearance of a tumor
by the steroid medication.

numbers of women with secondary
radiographic and radioimmunoassay

11 tumors, or it may be that these ^
of these tumors have been reported W-
contraceptives. This study should

etween the occurrence of pituitary
distinguish a possible causal rela-

present before pill use but masked

Proposed Course : This study is expected to require 12-18 months for data col-

lection and 6 months for analysis of the data.

•
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Contract Title: Relative Risk of Diabetes in Users of Steroid Contraceptives

Contract Number: NOl-HD-8-2818
Contractor: Emory University

Money Allocated: $53,400

Objectives : The purpose of this study is to determine whether steroid contra-

ceptive use, which is known to result in changes in glucose tolerance, is

associated with an increased risk of overt clinical diabetes mellitus. The

contractor will conduct a case-control study comparing contraceptive histories

in 150 newly diagnosed diabetic women of reproductive age with histories in

control women matched for age, race and socioeconomic status.

Major Findings : None to date. The contract was initiated late in FY 1978 and

the first step is development and clearance of the interview instrument.

Significance to Biomedical Research and the Program of the Institute : Oral

contraceptives are now used by millions of American women. Effects of the contra-

ceptive steroids on glucose tolerance have been reported since the early 1960 's,

and it has been postulated that the steroid-induced changes in carbohydrate

metabolism may, with continued exposure, lead to frank clinical diabetes.

No evidence on this point has been obtained from general prospective studies

of OC users and no retrospective studies of the risk of diabetes have been

reported. This contract is expected to answer the question of the clinical

significance of changes in glucose tolerance induced by oral contraceptive use

and determine whether long-term users are at increased risk of developing

diabetes

.

Proposed Course : This study is expected to require a period of three years to

complete.

147



NICHD ANNUAL REPORT W
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Center for Population Research

The Center's contract program in the social sciences focuses on the size, rate

of growth and composition of our nation's most important asset, its populati^
The topics addressed by specific research projects derive from fundamental
questions concerning the growth and distribution of our population, and their
relation to individual and societal welfare. For example: What accounts for

changes in the number of children couples decide to have? How successful are
they in controlling their reproduction? What are the consequences of many or

few children for individuals, families, and the nation? What are the effects of

age at birth and birth spacing on mothers and their children? How does internal
migration affect the welfare of the people moving and the communities from which
they come and to which they go? How would a rise or decline in the rate of

population growth rates affect our economy and our environment in the future?
Answers to these and many other questions are needed in order to deal with
population changes now and in the years ahead. The results of research are

intended ultimately to help individuals and couples to understand the personal
and societal consequences of their own demographic behavior and to help govern-
ment evaluate the impact of a variety of policies and programs on both the

quantity and quality of our human resources.

Within these broad objectives, the staff of the Behavioral Sciences Branch ^
identifies specific research goals and solicits scientific proposals intended
to achieve them. The Branch's strategy has been to concentrate on topics of

current societal importance as well as questions of scientific concern. Conse-
quently, the program has emphasized not only such topics as social and economic
factors affecting the level and trend in national birth rates, but also such
topics as the methods of fertility control used, effectiveness of contraceptive
practice, changes in family size over time, the consequences of family size,
and the determinants and consequences of adolescent fertility.

One result of this strategy is that the Branch's research program changes in

response to changing social conditions as well as in response to developing
scientific knowledge. At present, its program focuses on the topics listed
below

:

Trends and Variations in Fertility

A book detailing the results of the 1970 National Fertility Study was publisM|>
last year, rounding out a series of studies begun in 1955 which have detailecr
the trend in family building intentions and the practice of contraception among
married women. A follow-up study is now being undertaken to determine the
stability and reliability of childbearing intentions and the factors influencing
changes in stated intentions and in methods of fertility control.

Because these national fertility studies involved only women in the childbearing
ages, they gathered no data on the cohort of women having the lowest completeJfc

fertility in American history— those born during 1901-1910. A study is there-
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fore now inquiring into the factors (age at marriage, family size aspirations,

contraceptive methods, and possible economic influences) which enabled that

cohort to achieve the lowest fertility recorded in the United States (an average

of 2.3 births per woman). This study in historical demography is expected to

help clarify the extent to which the low fertility of the present is uniquely

tied to a definite historical period or is an expected response to certain

kinds of social and economic changes. The field work on this study has now

been completed, and some resules of the analysis will soon be available.

To supplement these analyses, an important research effort during recent years

has also been focused on the social and economic explanation of the extraordinary

rise in fertility that occurred in the U.S. after 1940, and its subsequent

decline since about 1958. An hypothesis advanced by Professor Richard Easterlin

has attributed the rise and decline to changes in perceived economic opportuni-

ties for persons in their early adult years relative to their aspiration levels

established when they were approaching maturity. When these opportunities are

seen as relatively high, earlier marriages and childbearing are given more

encouragement than when they are not so viewed. So far research designed to

test the validity of this hypothesis has produced mixed results. Generally,

the macro-analyses using vital statistics, census data and econometric models

for the period 1940-1974 have given strong support to the main components of

the Easterlin hypothesis. On the other hand, studies designed to test the

direct relationship between fertility and income of individuals as compared

with that of their parents, using micro-data collected in the period 1955-1970,

have not supported the hypothesis. Other studies, therefore, are being initiated

to clarify the economic and social causes of variations in fertility since about

1940. One new study, for example, is exploring the demographic and economic

changes paralleling and influencing fertility variations during the period 1940-

1975 through examining changes in marriage and childbearing patterns, as related

to changes in employment patterns of women, and a variety of government policies

which are hypothesized to be related to fertility.

Factors Affecting the Control of Fertility

Another major emphasis of the BSB program is upon the factors motivating couples

to control their fertility and how they achieve that control. Most research on

fertility has dealt only with women, with consideration being given to husbands

only in terms of the effect of their background characteristics or occupation

on their wives' fertility. Because decisions to have or not to have a child

and to use contraception are generally made jointly, several studies seek to

improve our understanding of how couples reconcile possibly conflicting view-

points and attitudes. Some of these projects are in early stages and are still

grappling with methodological problems of collecting appropriate data. Other

studies are combining measures of psychological traits, characteristics of the

marriage (i.e., interaction between husband and wife) and socio-demographic

characteristics to determine what factors are taken into account in making

fertility-related decisions, and how and to what extent those decisions are

implemented. One project is building upon previously successful studies of

the relationship of alienation to fertility, and another is looking at couple

characteristics affecting the selection of male vs. female sterilization

procedures. This latter study is particularly timely in view of the finding

of the 1975 follow-up of the National Fertility Survey, referred to earlier,
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that sterilization has increased tremendously in popularity among couples wh^
have all the children they want. In more than half the couples married 15

years or more in this survey, one of the partners has been sterilized.

A new study will use extant data to assess psychological and behavioral factors

affecting fertility regulation in women. The study will focus on psychological
and behavioral aspects of pre-marital and marital experience, sexuality, con-

traception, gender role and occupational activity, and divorce, as each of

these domains affect fertility^ and on experiences with pregnancy, childbeari^
and childrearing, as these affect subsequent fertility. Data analysis will

test the adequacy of a general causal model of individual fertility regulation
behavior, examine correlates of fertility regulation in-depth, test hypotheses
about the effects of specific psychological traits and behaviors on fertility

regulation, and develop descriptive information about aspects of the fertility

regulation sequence.

Another factor relating to the regulation of fertility is the perceived cost

and value of children. One project deals with the factors which individuals
consider in assessing the desirability of various numbers of children. This

longitudinal study is focusing on the effects of actual childbearing on the

subsequent evaluation of children as well as on the effect of religion on these

perceptions. Another study is concerned with how couples assess the relative

advantages and disadvantages of having a child or another child, and how each

additional birth affects the perceived costs and rewards. Normative pressures,

both expected and experienced, were found to be related to parity. Pronatal
pressures decrease and antinatal pressures increase as family size increases ^^
Married couples' anticipated consequences of having a(another) child were
moderately good predictors of whether the couple would have a child or an

additional one. Although the consequences anticipated by only the husbands
explained more variance than did those anticipated only by wives, the best

predictors resulted when the consequences anticipated by both husband and wife

were taken into account. Another study has found that desired family size is

related to the number of boys in the family and education desired for the

children— desired family size being smaller the larger the proportion of boys

and the more education desired.

Two new projects, focused upon attitudes toward abortion, have implications
both for individual use of this method of terminating an unwanted pregnancy
and for social regulation of its availability. One project, building on the

investigator's research on abortion attitudes over the past 12 years, will use

new and existing Gallup Poll data and other data from the National Opinion
Research Center surveys and National Fertility Studies to assess the degree of

consistency between abortion attitudes and behavior as well as to look at th||

demographic and social psychological correlates of pro- and anti-abortion
attitudes. Another will analyze changes in abortion attitudes as reflected
in survey data obtained from the National Opinion Research Center from 1965

to 1977, and the Survey Research Center in 1972 and 1976.

1

Consequences of Family Size

As several studies cited above have indicated, the anticipated consequences c^
having a child or an additional child is an important factor affecting ferti".y.
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Because couples planning their childbearing patterns and those who counsel them
and provide health services need more information on these effects, therefore,
research emphasis in recent years has also been on the consequences of child-
bearing and childspacing for both parents and children. Studies have been
initiated on the effects of family size on child development and achievement,
on the health of the child and the mother, on marital stability and satisfaction
of parents, on social work roles of parents, and the economic welfare of the
family.

Three studies deal with the effects of family size on child development and
achievement. One is studying the effect of age at marriage and time of first
birth on family interrelationships and children's personality and cognitive
development. Another is analyzing effects of birth order and sex of infants
on mother-child interaction and on the cognitive and emotional development of
infants. Unique findings from this study show that birth order, spacing and
sex of the child have affected mother- infant relationships and the child's
cognitive performance as early as three months into the child's life. Many of
these effects found at three months are still evident at 12 and 24 months of
age. Another study is relating measures of performance of newborn infants to

mother's age. Preliminary findings lead to the hypothesis that prenatal care
and obstetrical complications rather than age are the valid variables, but that
many unmarried, early childbearers experience delays and difficulties in
obtaining good prenatal care.

In a new study using extant data on children, their mothers and mother-child
interaction at 3, 12, 24 and 36 months of age for the child, longitudinal and
cross-sectional analyses will contrast behaviors and cognitive levels of only
children and first boms at four ages, will measure the impact of acquiring a

sibling at two ages, and will contrast planned and unplanned children on the
measures taken. In addition, the decision to have a second child will be
examined from the perspective of the mother's locus of control, femininity,
concept of ideal family size, and quality of interaction with the first child.

In a large, longitudinal study undertaken in Scotland, social class was found
to be the major variable accounting for differences in both physical and mental
development. Second in importance was birth weight for physical development,
and family size for mental development. There is a positive correlation between
mental development and social status, but at each status level the average test
scores decrease with each increase in family size. The most disadvantaged are
low-birth-weight children from large, low status families.

Four studies deal both with the effects of family size on marital stability and
happiness and on social and work activities of marriage partners, particularly
wives. One is an analysis of the relationship between fertility, marriage,
marriage dissolution, and remarriage. Married women who have not experienced
marital disruption have the longest intervals between births but the largest
completed family size. Divorce is more likely to occur to women who have given
birth before marriage, to those under age 18 when first married, and to those
who conceived before marriage but had a child after marriage. Divorce tends to
reduce fertility rates even if women remarry, and remarriage is slightly more
common among divorced women who were childless in the first marriage than among
those who had children.

151



A second study deals with the consequences of age at first marriage and fir^^
birth, childspacing and the number of children on parental and marital satis-

faction, divorce and remarriage, occupational behavior, income, geographic

mobility, leisure activities and personal esteem of the marriage partners.

Those who married at older ages, and bore their first child later, were more

satisfied as parents than those who married at younger ages. Age at marriage,

on the other hand, had no effect on marital happiness of those who remained

married, but the older the age at marriage, the less likely the marriage wasj

to suffer disruption. Number of children was inversely related to parental
satisfaction, inversely related to marital disruption, but had no relation

to marital happiness among those still married.

The third study, recently completed, conducted a 15-year follow-up of high

school students to determine ways in which family size, sex- role socialization,

sex-role orientations, and marriage are related to differences in education

achieved, patterns of schooling, female labor force participation, and occu-

pational status and earnings. This study finds that early marriage depresses

educational attainment for both men and women and that family commitments levy

heavy constraints on achievement, especially of women. It also shows that

these effects last over time. Little relationship has been found between
entering the labor force and having a baby, although better-educated women were

more likely to work part-time because they were dissatisfied with available

childcare arrangements for preschool children.

The fourth study indicates that the average life-cycle wage rate of a childless

woman is 13 percent higher than that of a woman who has three children space^^
three years apart beginning at age 22. The number of children borne has a

greater effect on the lifetime work experience of a woman than does the age at

which she has her first child; childresring reduced lifetime work experience of

a woman, on the average, by 2.5 years for the first child, two more years for

the second child, and another year for the third.

There is some indication that the effect of family size on work activities would

change if improvements in childcare facilities occurred. A national survey has

shown that 23 percent of mothers with children under five who were working part

time would work more if satisfactory childcare were available at reasonable

cost. What respondents defined as "satisfactory" and "reasonable", however,

were not examined in detail.

Consequences of Adolescent Pregnancy

A variety of data available indicate that illegitimacy, especially among very_

young women, is a major social problem, and that premarital conceptions, whe^^r
aborted, leading to forced marriage, adoption or rearing the child out of wed-

lock, create additional problems. Several studies in recent years have addressed

trends and correlates of illegitimacy and pre-marital pregnancy. Illegitimacy

has become increasingly concentrated among women under age 20 and presently,
more than half of the out-of-wedlock births occur to teenagers. The number of

such births has grown considerably from 92,000 in 1960 to over 235,000 births
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to single women under age 20 in 1976, and the number of premarital conceptions
is very high and increasing. While most births to teenagers are not out-of-
wedlock, many of these births are unintended and may be associated with a

number of negative outcomes.

A broad research program is therefore now underway on the consequences of
adolescent childbearing for the mother, child, father and others involved.
Projects being undertaken in response to two RFPs are using available data to

assess social, psychological, health and developmental and economic consequen-
ces. While the projects are in varying stages of completion, some conclusions
may be drawn.

Early childbearing has a variety of effects on the future of the mother. Women
who become mothers while adolescents have reduced educational and occupational
attainment, lower income, and increased welfare dependency. Preliminary
analyses of another study on the consequences of adolescent childbearing in
black and white populations of lower socio-economic status show that blacks
giving birth under age 18 were disadvantaged in a number of areas compared to
older women: at the time they gave birth, they were more likely to have lower
incomes; the fathers of their babies were less likely to be present or to be
married to them; had completed fewer years of school and were less likely to
have prior work experience. Disadvantages remained on a 7-year follow-up. Also
in the 7-year follow-up, younger women were more likely to receive public
assistance, and were less likely to be living with husbands. They also remained
less well-educated. Another study shows that those who became mothers while
teenagers had lower academic aptitudes, grades and educational aspirations,
but another study found an effect of early childbearing on education even when
controls were introduced for family background and motivation.

The effect on education is apparently the major pathway by which early child-
bearing affects economic outcomes. The relationship between educational
attainment and economic well-being is strong, and there is consequently a

significant association between early motherhood and later economic distress.
Women who begin childbearing as teenagers have increased welfare dependency,
and half of the families currently receiving AFDC are families begun when the
mother was a teenager. A study conducted in New York City found that 68% of
the teenage mothers had resided in households receiving public assistance at
some time during the early years after their first birth, twice the proportion
of all new mothers. The effect of early childbearing on economic attainment
continues over the years as well. Few of these women "catch up" to those who
delayed family building. One of the disadvantages teenage mothers suffer in
the job market is due to their lack of previous work experience. When consid-
ering only those with work experience, employment rates after the first birth
are indeed similar for mothers in their teens and late twenties.

Adolescent men also feel effects of fathering a child since they may drop out
of school to go to work. One study found that initially more adolescent fathers
were working than their classmates and at jobs of about equal prestige, but
were making more money. By 11 years out of high school, however, their class-
mates' investment in education had begun to pay off in income and higher
prestige jobs. At least in the short run, adolescent parents more often
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choose jobs on the basis of job security and initial income, since they a^P
more concerned with the necessities of living (e.g., enough money, good health)
rather than self-expression (e.g., the kind of work they really want to do),
whereas the non-parents choose jobs on the basis of interesting work.

The effect of early childbearing is felt on fertility and marital experiences
also. There is a clear association between age at marriage and marital dis-
ruption, with the youngest brides most likely to separate or divorce. Althoi^i
an effect of an early birth on marital disruption has not been firmly establ^Pi-
ed, it may have a contributory effect since pregnancy often precipitates an
early marriage, and one study finds a clear association between premarital
pregnancy and marital disruption for women. There is also a strong association
between younger ages at first birth and higher proportions of children unwanted
and illegitimate, a faster pace of subsequent childbearing, and higher completed
fertility. These conclusions also hold within racial, educational, and religious
subgroups. Another study shows that early childbearers continue to have consi-
derably larger families into their 30s and 40s even when others factors have
been controlled. Although women whose first births occur at ages 18 and 19
experience somewhat lower subsequent fertility and fewer unwanted births than
younger women, they are still more likely to have large families than women
whose first birth occurs after age 20.

As some of the above studies show, the young mothers are not able to catch up
to their peers in terms of education, occupation or earnings, and other studies
show that their reaction to the timing of their births does not improve over
time either. A longitudinal study found that soon after the first birth alm((

half (48%) of the teenage mothers said they wished the child had been born
later or not at all. Three years later 78% said that looking back, they would
choose to have their first birth later. Another longitudinal study found that
early childbearers were more likely to have educational and marital-related
regrets. A study which looked at the mother's psychological well-being when
her child was in the first grade found that young teenage mothers were more
likely than older mothers to report feeling very bad at this time.

Two projects are addressing the influence of adolescent childbearing on the
parental family. This has been one of the least examined consequences of
adolescent childbearing although there is evidence that the adolescents' kin

—

especially their mothers—are often drawn into the situation. A longitudinal
study has found that most of the adolescent mothers were highly dependent on
the family, especially during the first several years after the birth. Approx-
imately 70 percent were living with one or both parents at the time of the
birth, and more than a third were still residing with the parents five years
later. Parents most typically provide room, board and childcare. The more |^
resources the family had, the more likely they were to be providing assistan^^
for the adolescent. Women who resided with their families during the five
years after the birth were more likely to have graduated from high school, be
employed and not be on welfare. Similarly, a New York City study found that
while public assistance was the primary form of support for unmarried mothers,
the woman's parents—particularly the mother—often played a key role. Over
70 percent had lived with their mothers at some time in the few years after the
birth. Support ranged from housing and childcare to direct financial aid foi|^
two-thirds of the respondents. ^^
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This same study indicates that the father of the babies of unmarried mothers

play a minimal role. Less than one-fourth were in weekly contact with the

child's mother several years after the birth, and frequency of contact declined

over the early years of the child's life. Maintaining social contact seems to

be linked with providing economic support, rather than being a substitute for

it. Many of these men were of limited economic means, and none of the unwed

mothers in this study received economic support from their children's father

for all three years surveyed. These findings relate to another study which has

found the cognitive effects of early childbearing to be mediated by the contin-

uity of the family structure, with the more disrupted families linked with lower

levels of cognitive development.

Several projects are looking at the consequences of early reproduction for the

children involved. One study of adolescent mothers has found that younger

adolescent women pregnant for the first time experience more prenatal stress

than older, or multiparous women. Future analysis will look at this stress in

relation to the child's development. An assessment of the mother's knowledge

of developmental norms did not reveal consistent and significant evidence that

young mothers are less well informed on child development. Another study,

starting with the first days of the infant's life, has found that children

bom of adolescent mothers are less well off in terms of Brazelton assessments

of early infant development.

A Chicago-based study has found that children of mothers who began childbearing

at 17 or younger are less likely to be rated as adapting to school by first

grade teachers than children of older mothers. Among boys, failure to adjust

to school is associated with psychiatric symptoms later as a teenager. An

analysis of several large U.S. data sets has shown that young mothers are at

a clear disadvantage in terms of those socio-economic variables that relate

to IQ (occupation, education and income) but that even when these factors are

controlled, there is a small but consistent effect of maternal age on the IQ

of the child. The child of an older mother does slightly better on intelli-

gence (Wise) and achievement (WRAT) . This effect also appears for children

whose mothers were no longer teenagers at their births but who had begun their

families as teenagers. An assessment of the effect of maternal age on the

educational, occupational, marital, fertility, and cognitive functioning of

the child has shown that only the cognitive differences are maintained when

controls for antecedent variables are introduced. Children bom when their

parents were under 18 fared less well on meaures of cognitive functioning

than children born of 18 and 19 year-olds. Similarly, children born of two

adolescent parents fared less well on these measures than children born to

a couple where only one was an adolescent.

While these studies, taken together, indicate that many of the effects of

childbearing among adolescents reflect the background characteristics of the

mother and father, they also indicate an independent effect of age at first

birth on several outcomes. For the mother, and often the father, the effects

are felt most strongly on education and fertility. The effect on economic

well-being appears to be channeled through reduced educational attainment

and increased fertility. While the health risks of pregnancy are minimal

for the older teenagers, there is evidence that the 18- and 19-year-olds still
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feel the social and economic effects of an early first birth, although not a9
strongly as they are felt by younger adolescents. The effects of an early
first birth are felt on three generations in that parents of adolescent child-
bearers are called upon to provide support for the young mothers, and the
children bom of adolescents feel the effects of their parents' reduced
educational and occupational attainment in many ways.

Determinants of Adolescent Pregnancy ^^

Research is also beginning on the antecedents of adolescent pregnancy and child-
bearing. A comprehensive review of the scientific literature to determine and
evaluate research findings regarding sexual, contraceptive and reproductive
behavior of adolescents has been completed and will be published soon. Several
projects will carry out exploratory studies covering a number of related issues
relevant to sexual and contraceptive behavior of adolescents, including a study
of early adolescents and their socio-sexual development, and studies of the

practice of contraception among adolescents. Studies will look at social and
psychological characteristics as well as relationships with peer groups and
parents, and some samples will include those who have not experienced a preg-
nancy as well as those who have. A variety of research methods will be used
in these studies. In general, data will be collected via in-depth, unstructured
methods including group discussion, in-depth clinical interviews, journals, role
playing, reactions to photo essays and so forth. Data will be collected from
adolescent women, their male partners, peers, parents and peer counselors.
Other studies will look at the intra- and inter-personal factors affecting
contraceptive use as well as the perception of the clinic or other medical ^^
care facility being used. Characteristics of the individuals and of the con-
traceptive methods will be addressed. One study will use the Johns Hopkins
longitudinal data set to study adolescent mothers who had a second unwanted
pregnancy as compared with those who avoided a second pregnancy.

Other studies will use available data to address factors associated with adol-
escent sexual, contraceptive and reproductive behavior. One study will be

based on two large, U.S. data sets collected in 1971 and 1976 and will address
background, personal and situational factors associated with adolescent
fertility-related behavior. Another will use data from males and females
aged 16-18 and look at psychosocial factors associated with contraceptive use.

National data will be used in the analysis of the social, economic and biolo-
gical determinants of the decision to engage in sexual activity, use of

contraceptives, probability of pregnancy and outcome of pregnancy. Stepping
back from the individual level of analysis, a study using data collected across
the U.S. will assess the impact of family planning clinic programs on adolescent
fertility. Another project will look at state and federal programs presumed^^>
have a direct or indirect effect on teenage childbearing and will look at ^^
fertility at the individual level and on the state level.

Consequences of Population Growth

Two studies deal with consequences of population growth. One at the University
of Virginia is analyzing components of the Gross National Product (GNP) in
order to identify those that offset disadvantages of population growth and ^^
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therefore represent the economic costs of population growth. One purpose of

this study is to construct an index of economic well-being, which can be used

to estimate when the economic advantages of population growth diminish. A

major accomplishment to date has been the development of a computer simulation

model of population, resources and the environment in the U.S., and development

of methods to determine pollution and resource depletion costs. The model is

capable of generating a corrected per capita GNP, called the "Q- Index", and

work is proceeding to identify necessary data for its computation. A user's

guide which will allow other investigators to use and manipulate the model has

been prepared. Another study is also analyzing the effects of varying rates

of population growth on the economy, the resource base and the environment,
including regional impacts. A major step in this project has also been develop-

ment of a model capable of integrating large quantities of data. Findings of

both studies indicate that projected measures of per capita welfare or income

are higher with slower than with more rapid rates of growth. The second of

the two studies indicates that the shortage of petroleum will make the transi-

tion to other sources of energy in the U.S. after the year 2000 more difficult
with higher than with slower rates of growth.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : A Proposal to Collect Child Care Information Via The
June 1977 CPS
RAl-YOl-HD-71028
Bureau of the Census
$100,000 (1977)

Contract Number
Contractor
Money Allocated

Objectives

:

The purpose is to gather data regarding childcare through the
June 1977 Current Population Survey of the Bureau of the Census. The June CPS
includes questions on fertility expectations, labor force participation, in-
cluding female employment and general socio-demographic data. This project
brings tigether for the first time data on childcare, fertility, and female
employment. This agreement covers only the data collection, but eventual
analysis will address whether use of childcare influences fertility decisions
and what role childcare plays in mediating the relationship of fertility and
employment (or other activities)

.

Significance to Biomedical Research and Program of the Institute: The Institute
focuses much of its research on the factors which influence fertility. This
project will look at one of those factors that has not been included in previous
research— childcare. Also, it will address the often observed relationship
between female employment and fertility. ^
Major Findings: Analyses of these data show that employed mothers of children
under five rely heavily upon relatives for the care of their children while they
work. Of the mothers of preschool age children 56% of the children are cared for
by a relative, 12% by the mother herself and 17% by the father. Only 6% are in
organized day care and 6% in nursery school or preschool. l-Jhile labor force
participation rates are at a new high for mothers of preschool age children, an
additional 16% say they would work more if childcare were available at a reason-
able cost. As expected, more part-time workers would increase their working
(24%) than full time workers (12%). Among women not employed, 17% would be
looking for work if childcare were available at a reasonable cost. Non-employed
mothers who use childcare regularly most often use it so that they can engage in
recreational activities or further their education. Childcare may mediate the
effects of fertility on other roles, especially employment, and fertility
clearly influences the use of childcare. Childcare appears to have only a

slight effect on fertility, with few women reporting that it affects future
fertility intentions. ^M

Proposed Course: This project was completed in FY 78.

158



Contract Title
Contract Number
Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

Support of Bibliographic Preparation of Population Index

NOl-HD-12138
Princeton University
$98,288 (1971); $72,984 (1973); $90,879 (1974); $99,333 (1975)

$94,235 (1976); $93,089 (1976 TQ) ; $99, 821 (1977);

$111,000 (Est. 1978)

Objectives

:

The purposes are to support the bibliographic preparation by

Office of Population Research staff of Population Index as a quarterly journal

containing bibliographic information and special articles in the population

field, and to computerize the preparation of final copy for photo-offset repro-

duction of the Index . Printing and distribution costs are paid by other sources

of funding.

Significance to Biomedical Research and Program of the Institute: Used through-

out the world. Population Index is indispensable to demographic research and

teaching, family planning, and to approaches to economic and social development.

Its circulation of 4750 includes all members of the Population Association of

Amerca and of the International Union for the Scientific Study of Population.

References to health research, planning, and delivery systems makes it essential

to the health mission of NIH in the population sciences.

Major Findings: A 1977 site visit to the Office of Population Research (OPR)

reaffirmed the value of the Index , now in its 44th year, as a comprehensive

guide to articles, books, and other significant materials from the world liter-

ature, including in-house publications of relevant research organizations that

deal directly with population. The staff has competency in all important

western languages and confers regularly with staffs of other population organi-

zations and library systems. The excellent physical and technical resources

are matched by intellectual and organizationsl sources at the oldest of the

U.S. population centers; the quality and efficiency of the Index operation

could not readily be matched elsewhere. Publication will continue in essenti-

ally its present form. The front, author, geographic, and statistical sections

are computerized, and OPR is proceeding cautiously to computerize the remainder

for offset reproduction. Following up 1935-1968 cumulative publication of

items, computerization of the file since 1968 is underway (with the support of

the Agency for International Development) as part of a new POPLINE retrieval

service under the National Library of Medicine.

Proposed Course: This contract, initially funded in 1971, will be considered

for a one-year renewal beginning in September 1978.
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Contract Title
Contract Number
Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 20, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

A Study of Optimum Population Levels
NOl-HD-22052
University of Virginia
$58,275 (1972); $95,000 (1973); $164,017 (1975);

$100,000 (1976 TQ)

Objectives

:

This study is exploring different approaches to, and a methodology
allowing the calculation of, an "optimum level of population" in terms of

increases or decreases in an index of quality of life (IQL). The major effort

is toward a modification of the Gross National Product (GNP) to adjust for the

amount of the national income accounts which are directed to the diseconomies
produced by population growth. The study will attempt to project changes in

the so-called IQL as population increases and as population distribution changes

under the assumptions of various technologies relating to mineral consumption,

water use, energy, and other natural resources.

Significance to Biomedical Research and Program of the Institute: This is one

of the very few studies in the Behavioral Sciences program of the Center which
addresses itself to the problem of measuring the consequences of population
growth and change. Much of the current concern over the effects of increasing
population size has been based on data and on assumptions which have not alw^ '

met with general acceptance. This study is attempting to develop a methodology
which will make the consequences of population growth and change much more
specific and identifiable, at least in economic terms, and therefore should be

of great benefit to policy makers in the determination of what population goals

should be pursued.

Major Findings: A major accomplishment to date has been the development of a

computer simulation model of population, resources and the environment in the

U.S., and the development of methods to determine pollution and resource de-

pletion costs within a 185-sector inter-industry model of production. These
costs can then be fed back to examine their effect upon industry activity and

the composition of consumption. The model is capable of generating a corrected
per capita GNP called the "Q- Index". A Users Guide to the simulation model
developed has been prepared to enable more widespread testing of the model.
Tests of the model so far indicate that the optimum fertility rate is one which
eventually results (after about 45 years) in a slightly declining population.
The major factor contributing to this finding is the dependency ratio, a mi

secondary factor is pollution and abatement control. ^
Proposed Course: This study, first funded in FY 72 was completed in FY 78.
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Contract Title
Contract Number
Contractor
Money Allocated

NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

The Effect of Birth Order on Mother-Child Relationships
NOl-HD-42803
Educational Testing Service
$320,468 (1974); $171,159 (1977)

Objectives: The Principal Investigator will study the effects of birth order,
sex of infant, and socio-economic status upon mother-infant interaction and
uDon the coanitive-intellectual and emotional development of the infant up to
two years of age. This study focuses on infants at each of four orders of birth;
first, second, third, and fourth or higher. The sample will be selected so that
each of these birth-order categories will contain 60 cases. Each category will
be further divided into four (15 cases each) according to sex and socioeconomic
status. The subjects will be visited at ages 3 months, 1 year and 2 years. The
independent variables recorded at the beginning of the study are sex of infant,
birth order, class (middle or lower), mother's age at first birth, number of
siblings, birth interval and sex of siblings. The dependent variables, 4 stan-
dardized tests (1 socioeconomic and 3 cognitive) and 26 structured observations,
will be recorded at the time of observation. Analysis will compare children at
each of the observation periods as well as their development over the period of
the study.

Significance to Biomedical Research and Program of the Institute: This study
will expand our knowledge of the consequences of family size, childspacing, age
of mother at birth, birth order and socioeconomic status for mother- infant inter-
action upon the cognitive-intellectual and emotional development of the infant.
Hence it is relevant to the Institute's interest in the consequences of various
childbearing patterns.

Major Findings: Findings on 3-month-old infants are that mother-infant inter-
action is affected by birth order and spacing; first bom children receive the
most attention with a decline over the other birth orders; children spaced very
close (9-18 months) or very far apart (4 years or more) received more attention
than those spaced 2-3 years apart; increasing birth order was associated with
poorer performance on a mental maturity test. The results are believed to in-
dicate that birth order and spacing affect both the mother-infant relationship
and the child's cognitive performance from the very beginning of life. Preli-
minary findings on the same infants at 12 months of age show less difference by
birth order, but fourth order births clearly perform significantly lower than
the first three birth orders on several measures of cognitive development.
Response decrements and recovery patterns in both visual and auditory modali-
ties are showing up differently by birth order. Analysis of data on the infants
at 2 years of age is underway, and the final report is in preparation.

Proposed Course: This contract expired 31 July 1978.

161



NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : The Consequences of Reproduction: A Utility Model of
Reproductive Behavior
NOl-HD-42804
University of North Carolina
$455,648 (1974); $80,775 (1977)

Contract Number
Contractor
Money Allocated

Objectives

:

Testing a utility model of fertility designed to predict the
probability of various reproductive events to couples assumes that individuals
regulate their reproductive behavior in lig)it of their expectations and percep-
tions of the consequences of reproduction for them. Completed family size is
viewed as resulting from constantly changing fertility behavior in the face of
changing life circumstances and changes relating to the anticipation of a child,
the birth of a child, the impact that this has on future childbearing, etc.
Each of these events affect the perception of subsequent anticipated costs and
benefits— the utility functions—and alter behavior accordingly.

A sample of urban American women under age 32 and their husbands were interviewed
in a longitudinal study to determine the relationship between normative pressures
and fertility planning and the ability of a model using a variety of anticipated
consequences to predict aspects of reproductive behavior.

Significance to Biomedical Research and Program of the Institute: Testing of'
the important hypothesis that fertility behavior is "rational" within the per-
ceptual framework of the actors—low income and middle income alike—has
important implications for policy at several levels.

Major Findings; Normative pressures, both expected and experienced, were related
to parity or birth order—pronatal pressures decreased, and antinatal pressures
increased with increasing parity, but for parity two and above there was no
normative consensus to which persons responded in their individual behavior.
Normative expectations were modest predictors of respondents' intentions and
desired to have a(another) child but were very weak predictors of the effecti-
veness of the contraceptive regimen selected. Models using married couples'
anticipated consequences of having a (another) child were moderately good pre-
dictors of reproductive behavior—again better for reproductive intentions and
desires than for the contraceptive regimen currently being used. Sometimes
parity specific models were stronger than models which treated all parities
together, and the configuration of anticipated consequences which make signiS^-
cant contributions shows differences by parity. Using the consequences antici-

pated by both the wife and the husband resulted in greater predictive power
over single-sex models. Further, in the case of the effectiveness of the
contraceptive regimen currently being used, models using consequences anticipated
by only the husbands often explained more variance than did those models relating
only to wives

.

Proposed Course: This research is scheduled for completion in FY 79. J|
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Age at Marriage and Time to First Birth: A Longitudinal

Study of Parental Attitudes and Children's Personality

NOl-HD-42844
College of William and Mary

$123,867 (1974); $31,668 (1976)

Contract Number
Contractor
Money Allocated

Objectives: The proposed research consists of an intensive longitudinal study

of the effects of age at marriage and time to first birth on parental attitudes,

children's personality development, and family interrelationships. The major

focus of the research is upon first-born children within self-selected families.

The sample consists of 80 two-children families, 20 in each of four categories:

early marriage and short interval to first birth, early marriage and long inter-

val to first birth, late marriage and short interval to first birth and late

marriage and long interval to first birth. The four groups will be matched to

control for socio-economic factors and will be limited to whites. Various

measures of selected attitudes and personality attributes will be made along

with direct observations of family interaction several times during the three

years of the project. During each visit 180 minutes of observation will be

completed in 5 minute segments. The categories from Patterson's Manual for

Coding Family Interactions will be used to classify the behavior observed

during each segment. Data will also be obtained concerning characteristics

of the parents, characteristics of the second-bom children, and the inter-

actions between parents and children within the families.

The subjects will be self-selected respondents to advertisements placed in

newspapers of Williamsburg, Virginia, and surrounding metropolitan areas.

Significance to Biomedical Research and Program of the Institute: This study

will expand our knowledge of the consequences of age at marriage and time to

first birth for parental attitudes and the children's personalities. It is

relevant to the Institute's interests in the consequences of childbearing

patterns.

Major Findings: Preliminary data analyses show differences in child behavior

related to parents' age at marriage and intervals between births. Children from

late marriages had higher verbal ability. Boys from late marriages earned

higher scores on measures of self-esteem. Children from early marriages showed

more deviant behavior (boys in this group especially showing high aggressive

responses). Both first and second boms from early marriages showed more

negative behavior and the mother showed less attending behavior. Child spacing

showed a number of differences, with close spacing, for instance, showing first

borns engaging in less play and more work and second boms crying more. Measures

of psychological adjustment showed poorest performance by early married parents

with closest spaced children.

Proposed Course: This contract expired 1 October 197 7.
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NICHD ANNUAL REPORT W
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : A Study of Couples' Motivations for Parenthood, Decision-
Making, and Fertility Regulation
NOl-HD-52807 ^
University of California, Los Angeles ^
$125,209 (1975) $62,925 (1977); $142,463 (1978)

Contract Number
Contractor
Money Allocated

Objectives

:

The aim of this project is to examine the relationship between
motivations for parenthood, division of power and responsibility in the marital
dyad, and fertility behaviors. Six hundred couples, with wives aged 15-34, will
be interviewed 3 times over a 3li to 4 year period. These couples will be
randomly selected from public records documenting recent marriages and births.
Half the couples will have recently married for the first time, and the other
half will have recently had their first child. In each subgroup, one member of

each couple, half of the husbands and half of the wives, will be designated as
primary respondent, from whom the majority of the information will be collected.
The primary respondent will participate in a personal interview and may complete
a questionnaire; his or her spouse, the secondary respondent, will either complete
a questionnaire, a personal interview, or both.

The rewards and costs of having children will be identified, weighed and com-
pared among men and women with zero or one child. For women, there will be ^'
exploration of the influence of alternative roles (primarily work) , which may
provide some alternative sources of. satisfaction to parenthood. The reliability
and stability of motivations for parenthood over time will be assessed for both
members of the marital dyad. The relationship between changes in motivations
and changes in parity, use of fertility control, effectiveness of use, and
desired number of children will be assessed. Also, the process by which the
marital dyad makes decisions regarding fertility when the members do not initial-
ly agree will be examined in terms of social-psychological theories of power
and social influence. In addition, the relationship of personality (e.g., locus
of control, sex-role traditionalism) and demographic (e.g., socioeconomic status,
ethnicity, religion) variables to motivations for fertility regulation and to

fertility events will be assessed. One special value of this study is that it

is to be a longitudinal study with a series of interview cycles which will
demonstrate process and stability far better than the more usual "now-and-later"
measures

.

Significance to Biomedical Research and Program of the Institute: This stud^;

is relevant to the Institute's interests in the antecedents, determinants an^^
correlates of fertility.

Proposed Course: This study underwent long delays in forms clearance and field
work continues. It is anticipated that the study will be completed in FY 79.
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Contract Title : A Longitudinal Study of Intended and Actual Fertility:
The 1975 National Fertility Study
NOl-HD-52819
Princeton University
$589,000 (1975); $228,945 (1976 TQ) ; $230,614 (1977)

Contract Number
Contractor
Money Allocated

Objectives: Toward the end of 1975, some 3000 white women who were interviewed
in the 1970 National Fertility Study, specifically all those married at less
than 25 years of age, and not before 1951, whose first marriages are still
intact, were re interviewed, along with some 1000 white women of comparable
marital status and age at marriage who married during the years 1971-75, to
collect complete pregnancy histories and a record of use of the various modes
of fertility regulation (contraception, abortion, and sterilization) vis-a-vis
each pregnancy. Data collected consisted of both retrospective and prospective
fertility intentions, attitudes toward reproduction and modes of fertility
control, as well as information of explanatory value concerning such topics
as experience in the labor force, attitudes toward sex roles and population
problems, etc.

Significance to Biomedical Research and Program of the Institute: The study is
significant from an empirical standpoint, because no previous epoch of American
fertility history has shown such dramatic change as that currently under way,
and from a methodological standpoint, because this is the first attempt to use
a longitudinal design with a national sample, and thus to open up the possibility
of genuine causal analysis in this research area, as well as to provide a basis
for the assessment of the reliability of the vast amounts of data which have
been collected in the frequent, conventional cross-sectional surveys. It will
contribute materially to the Center's program of understanding changes in
fertility behavior of American women.

Major Findings: Analysis of data so far completed documents an extraordinary
rise in the use of sterilization among couples married a decade or more, while
the pill remains the most popular method of contraception among young married
women. Data indicate also a marked convergence between Catholic and non-Catholic
contraceptive usage and fertility. With respect to the reliability of intentions
as expressed in 1970, the investigators have found that there was a greater
tendency for respondents to change positive intentions downward than to change
negative intentions upward. Their conclusion is that fertility intentions
expressed at any given time are conditional, subject to change if personal
situations change.

Proposed Course: This study was initiated in FY 75, and is expected to be
extended to FY 79.
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Contract Title : The Impact of Childbearing and Spacing Patterns on the Health
of the Mother and the Development of the Child in an Urban
Population
NOl-HD-52835
Brown University
$138,073 (1975)

Contract Number
Contractor
Money Allocated

#

Objectives

:

This study, which builds on a previous contract in Aberdeen, Scot-
land, focuses on the consequences of different childbearing and childrearing
patterns at various ages. Data pertain to: (a) the health status of the mother
for all 80,000 pregnancy events that occurred in Aberdeen, 1948-1973; (b) age,

marital status and socio-economic status of the mother and father; and (c)

results of mental and physical tests administered to all 12,0000 children born
in Aberdeen, 1950-1954, through the age-11 school examination.

Significance to Biomedical Research and Program of the Institute; The Aberdeen
data provide a rich longitudinal data on the effects of childbearing and spacing
patterns on the health of the mother and the development of the child and as

such is central to the concerns of the Institute.

Major Findings: Pregnancy histories of 3100 once-married Aberdeen women sho^^
that fertility varied inversely by social class position among non-mobile women.
Upwardly mobile women tended to postpone their first pregnancy outcome and to

have lower fertility than other women in the same social class of origin. Higher
status women are adopting the lower class practice of starting reproduction at

younger ages. Moreover, younger women are more likely than older women to have
begun reproduction prior to marriage and to have concentrated their fertility
in the early part of the reproductive period. Women who turned to sterilization
entered the reproductive cycle early, frequently before marriage, and experienced
several pregnancies at closely spaced intervals. Although both sterilization and
the termination of pregnancy are readily available, women are not adopting such
measures until they have already had several births.

Social class in Scotland is clearly the major variable accounting for differenes
in either physical or mental development. Second in importance is birth weight
for physical development, and family size for mental development. An analysis
of 12,000 children in Aberdeen shows that their physical development at age 5

varies directly by social class—with each increase in class status there is^i
increase in the proportion of taller and larger children. Mental developmenflP
as measured by the 7+, 9+, and 11+ tests, similarly increases directly by social
status, but at each status level the average scores decrease with each increase
in family size. Low birth weight has a negative impact on both physical and
mental development at all status levels. Refined analyses indicate that large
families, higher order births, low birth weight, low socio-economic status, and
very young mothers all have a sizable and detrimental impact on both mental and
physical development. The most disadvangated are low birth weight children ^^m
large, low status families. ^
Proposed Course: This study is scheduled to be completed in FY 79.
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Contract Title : Research on the Consequences of Childbearing and Child-
spacing Patterns
NOl-HD-52836
The Johns Hopkins University
$80,944 (1975)

Contract Number
Contractor
Money Allocated

Objectives: This study will use a national sample of 2077 white students who

were high school sophomores in 1955 and who were surveyed by the Educational
Testing Service in 1955 and in 1970. The analysis will focus on the ways in

which sex-role socialization, sex-role orientations, marriage, and fertility
patterns contribute to: sex differences in levels of education and differences
in patterns of schooling; patterns of female labor force participation; and
for those employed full-time, levels of occupational status and earnings.

Women were seen by this researcher as uniquely subject to the influence (pro

and con) of both their family of origin and their family of procreation. The
first type of influence greatly affects school careers of women, but socioecono-
mic achievements of women are to be examined more closely in regard to the second
type of influence—which includes the needs for providing child care and also the
attitudes of the husband toward appropriate sex roles for women. The research
will synthesize the impact of labor force economics, demographic factors, and

social psychological factors that combine to influence career outcomes, including
the choice of no socioeconomic career. The analysis will involve scaling strate-
gies and complex model construction, path analysis as well as multiple regression
and analysis of variance, to explain educational attainment, fertility and labor
force participation, and current activities and achievements of women at about
age 30. This is to be a two-year project of career contingencies in the context
of family constraints, with comparisons of data for men and women whenever
feasible.

Significance to Biomedical Research and Program of the Institute: This research
is relevant to the Institute's interests in the correlates and consequences of

childbearing patterns.

Major Findings: Findings lead to an estimate that family commitments are con-
straints on achievement for women and account for about a fourth of the differ-
ence in the average educational levels of men and women. For both men and women,
high educational attainment is related to later marriage. At the same time early
marriages depress educational attainments for both men and women, suggesting that
family obligations produce pressures to withdraw from formal education. Women
with higher skills have more problems finding satisfactory childcare arrangements
and are more likely to have part-time employment. However, women did not seem to

choose between work and childbearing, but rather to make choices about how much
they would work and how many children they would have.

Proposed Course: This contract expired 28 February 1978.
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Contract Title : An Economic Analysis of the Consequences of Child Spacing
and Related Fertility Behavior
NOl-HD-52837
The Rand Corporation "
$127,000 (1975)

Contract Number
Contractor
Money Allocated

Objectives

:

This economic inquiry is assessing the effects of spacing, timing
and numbers of children on children's economic well-being through an analysis
of the determinants of schooling received by children. It involves simultaneous
equation techniques applied to extant data sources such as the National Long-
itudinal Survey and the Michigan Income Dynamics Panel. The project is also

analyzing the effects of timing, spacing and family size on parent economic
well-being (consumption and savings patterns over the life cycle) and the

relationship between a wife's earnings and her period (and expected) fertility
experience.

Significance to Biomedical Research and Program of the Institute: The analysis
of the economic consequences of fertility behavior is central to the program of

the Center and to our understanding of the interplay of fertility behavior and
economic well-being.

Major Findings: When decisions concerning the quality (measured by years of

schooling for the child) and quantity dimensions of children are estimated using
simultaneous equation techniques, there exist strong substitution tradeoffs

—

e.g., when high levels of education are desired for children, the number of

children is low. The opportunity cost of a woman's time plays a central role
in these tradeoffs. The proportion of boys reduces desired family size, as

there is higher desired "quality" of boy children as measured by years of

schooling completed. In the interactive quality-quantity model, higher desired
quality increases the cost of numbers of children; and any undesired fertility
induces a substitution away from quality.

The number of children a woman rears reduces her lifetime work experience— (on

the average) by 2.5 years for the first child, two more years for the second
child, and another year for the third. Longer birth intervals (holding constant
number and timing of children) are associated with larger reductions in lifetime
work. A woman who begins her family at age 19 and has three children reduces
her labor market work by one year if she increases the birth interval from 2 a^
to 4 years— and by another half year if she increases the interval to 6 years^
The number of children borne has a greater effect on lifetime work experience
than does the age at which a woman has her first child. The market wage rate of

return increases 4 percent for each additional year of work experience. The
average life-cycle wage rate of a childless woman is 13 percent higher than that
of a woman who has three children spaced three years apart beginning at age 22;
the maximum difference in wage rates (22 percent) occurs at age 32.

Proposed Course: This study was completed in FY 78. ^
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Contract Title : Analyses of Relationships between Fertility, Marriage
Dissolution, and Remarriage
NOl-HD-52838
Research Triangle Institute
$154,130 (1975); $79,529 (1976); $14,634 (1977)

Contract Number
Contractor
Money Allocated

Objectives: This project uses existing data— the 1967 Survey of Economic
Opportunity, the 1971 Marital and Fertility History File, and the National
Fertility Surveys of 1965, 1970 and 1975— to analyze childspacing in relation
to changes in marital status of mothers of not more than four children. A
classification system combines childspacing and marital history data into
indices with detailed socio-economic and attitudinal variables. This study
builds on the work of others in the area of marital disruption and fertility
and offers new insights into the reciprocal effects of fertility and marital
dissolution.

Significance to Biomedical Research and Program of the Institute: This project
offers insights into two forms of behavior which have health and social conse-
quences both for the individual and society— fertility and marital dissolution,
a relationship that is complex and most likely reciprocal. This study provides
the basis upon which other indepth studies can be built.

Major Findings: This analysis of the relationship between fertility, marriage,
marriage dissolution, and remarriage found that married women who have not
experienced marital disruption have the longest intervals between births but
the largest completed family size. Divorce is more likely to occur to women
who have given birth before marriage, to those under age 18 when first married,
and to those who conceived before marriage but had a child after marriage.
Divorce tends to reduce fertility rates even if women remarry, and remarriage
is slightly more common among divorced women who were childless in the first
marriage than among those who had children.

In addition, a number of methods have been developed for using the survey files
to compute probabilities of marriage, divorce, and childbearing. For example,
the loss of births due to divorce was calculated using a method suggested by
Potter for estimating births averted by contraception. The preliminary tabu-
lations based on the 1971 CPS data indicate that, on the average, 0.1537 births
per married woman were lost because of a first divorce.

Proposed Course: This project, begin in FY 75, will be completed in FY 78.
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Contract Title : Research on the Consequences of Childbearing and Child-
spacing Patterns for Parents
NOl-HD-52840
Battelle Memorial Institute flp

$94,860 (1975); $97,885 (1976 TQ)

Contract Number
Contractor
Money Allocated

Objectives: This project focuses on the effects of age at first marriage, age

at first birth and the number and timing of births on (1) parental satisfaction,

(2) marital satisfaction, marital dissolution and remarriage, (3) characteristics
describing the marital relationship, (4) the occupational behavior of each

marriage partner, (5) geographic mobility, (6) family income, (7) religious

community, and leisure activities, and (8) personal esteem. The effects of

childbearing and childspacing on these outcomes will be examined for both women

and men and comparisons will be drawn between the two sexes. This analysis will
be based on data collected from a study by Coleman of high school students and

a 15-year follow-up of these same respondents.

Significance to Biomedical Research and Program of the Institute: This study
will be valuable in the insights it will gather to the interrelationship of

fertility behavior and social and psychological well-being. Fertility behavior
has both biomedical and social consequences and this research will elaborate ^^
on how biological phenomena result in social and psychological outcomes for w
people and under what conditions.

Major Findings: The older the age at first marriage, and therefore the age at

first birth, the more satisfied one was as a parent. The more children one had,

on the other hand, the less satisfied one was. Childspacing appeared to have no

effect on either sex. Age at marriage, the number of children, and the child-
spacing, however, had no effect on marital satisfaction. The most important
effect of children on marital satisfaction was that resulting from their presence.

The presence of children had a negative effect on marital satisfaction and was

more pronounced the younger the age of the youngest child. Premarital pregnancy
had a negative effect on both parental and marital satisfaction of women but no

effect on men.

The study also finds that the later the age at first marriage, and the longer
the duration between marriage and first birth, the less likely a disruption was

to occur. Interestingly, also those who married at later ages tended to be more
traditional in the manner in which housework was divided, and reported sharin*|f

a greater degree of marital companionship. ^
Proposed Course: This project was initiated in FY 75 and was completed in FY 78.

C
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A Study of Low Fertility Cohorts in the United States
NOl-HD-32799; NOl-HD-62818
Georgetown University
$99,911 (1973); $16,140 (1974); $22,913 (1975);
$340,153 (1976); $424,410 (1977); $167,227 (est. 1979)

Objectives: This study seeks to gain a deeper understanding of the low fertility
of the 1920s and 1930s in the United States, by studying the cohorts of women
born during 1901-1910. These cohorts achieved the lowest completed fertility
recorded in the demographic history of the United States. After careful instru-
ment development and pretesting a field survey will be undertaken to interview
1000 women and their husbands. The questionnaire will include items on back-

ground characteristics, pregnancy and contraceptive history, attitudes toward

family size as well as measures of the influence of the Depression on their lives,

Significance to Biomedical Research and Program of the Institute: As part of

the Institute's interest in understanding the determinants and consequences of

fertility, this project will fill a major gap in our understanding of how and
why women restricted their fertility. The women under study had the lowest

total fertility rates ever recorded in the U.S. and yet they accomplished this

prior to the introduction of most "modem" contraceptives. The motivations of

these women and the means they used to implement these motivations will bear on

our understanding of the general issue of birth control and motivations for

parenthood.

Major Findings: Through pretesting it is apparent that women in the study popu-
lation are both willing to be interviewed and able to provide the information
sought. The pretest respondents had an average of 2.39 live births and 0.51
fetal deaths. Sixteen percent of the respondents were childless, while another
43 percent had only one or two children.

Si:cty-three percent of the pretest respondents reported using some method of

contraception. The most commonly used methods of birth control were the condom
(use reported by 40 percent of the respondents), douche (39 percent), and with-
drawal (31 percent). Of the women who did not use any contraceptive measures,
approximately two-thirds reported using a douche for cleanliness only and almost
one quarter were childless.

For the majority of variables most salient to fertility analysis (dates of

marriages, births, etc.) exact recall exceeded 90 percent. Reliability measures
for selected variables were also calculated based on results of a telephone
re-interview of 50 respondents. Again the majority of variables related to

background data and fertility were consistent in over 90 percent of the cases;

Proposed Course: This project was begun in FY 76, and is a continuation of

a project begun in FY 73.
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Contract Title : Development of Technology and Training Program for

Assessing Unit Record Data Files
NOl-HD-22707; NOl-HD-62828
National Data Use and Access Laboratories, Inc.

$235,403 (1972); $252,296 (1974); $214,440 (1976);
$110,571 (1977); $43,137 (1978)

Contract Number
Contractor
Money Allocated

Objectives

:

The purpose of this contract is to develop techniques to facilitate

the wider use of public use data files, such as the Public Use Sample of the

Bureau of the Census. The project emphasis is on the handling of very large

files by the writing of COBOL and FORTRAN programs which will allow available
computer packages (SPSS) to be used with the Census data and to enable re-

searchers to assess large complex files with a minimum of programming and
maximum speed. The project also provides for the preparation of users' manuals
and provision of classroom instruction as well as maintenance of the package for

those who acquire them.

Significance to Biomedical Research and Program of the Institute: The U.S.

Census is one example of the important public data sources available for demo-
graphers and other social scientists. The value of these very expensive data

sets has been limited by the cost and complexity of their analysis. The

programs developed under this contract serve to open up many public use files

for analysis and greatly enhance their value. Benchmark comparisons demonstrate
that CENTS-AID can reduce tabulation costs up to 80%.

Major Findings: During the course of this contract DUALabs has created two

basic computer software systems—PUSH and CENTS-AID. PUSH enables researchers
to take the very large, hierarchical file of Public Use Sample File of the

Census Bureau and analyze it with SPSS, a widely available and easily used

analysis package.

CENTS-AID is now in version 2.5 and provides rapid cross-tabulation of very
large files, even complex hierarchical files. A minimum of programming is

required and this in conjunction with its speed of running results in very
inexpensive analysis of large files. CENTS-AID II is a cross-tabulation
program which provides some statistics (mean, median, standard deviation,

percentage distribution). Version 3.0 will include a correlational subroutine
which will offer machine readable output for use in other regression programs
Other enhancements such as subfile and xample report generation are also

being added. Documentation will also be made available.

Proposed Course: This project is scheduled to terminate in FY 79.
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Contract Title : The Consequences of Early Childbearing: An Analysis of
Selected Parental Outcomes Using Two Longitudinal Data Sets
NOl-HD-62829
The Urban Institute
$116,536 (1976); $122,190 (1977)

Contract Number
Contractor
Money Allocated

Objectives: To assess the effects of early childbearing on educational, attain-
ment, completed family size, socio-economic status and income, marital disruption
probability of being on welfare, independent of the impact of background factors
such as parental status, race, and year of birth. Two complimentary longitudi-
nal data sets are being used for the analysis of these issues. The Michigan
Panel Study of Income Dynamics and the young female sample from th- National
Longitudinal Survey.

The analysis will consist of cross-tabulations with the use of appropriate
controls followed by regression analyses and the construction of multi-variate
causal models to explore the direct and indirect effects of adolescent child-
bearing on later outcomes.

Significance to Biomedical Research and Program of the Institute: The issue of
adolescent childbearing is of concern both in the social and medical arenas.
Besides having effects on both indicators of social well-being (education, socio-
economic status) and medical well-being (incidence of low-birth-weight babies,
complications of pregnancies) these two phenomena most likely interact. Wide-
spread interest in adolescent childbearing has not always been associated with
rigorous research on the various sequelae of adolescent pregnancy and child-
bearing, or on the paths by which those consequences evolve.

Major Findings: Women having a first birth at an early age tend to complete
less schooling, even net of family background, motivation and demographic char-
acteristics. Early childbearers do not appear to catch up over time; indeed
they appear to fall further behind as their childless peers continue in school.
White teenage mothers appear to complete even less education than comparable
black teenage mothers. Early childbearing retains a strong negative impact on
schooling even among older women who have had time to return for further
education.

While a youthful aee at first marriage was found to predict to divorce and
separation, early childbearing was not found associated with a higher probabi-
lity of marital disruption. Age at first birth was not found to directly affect
economic wellbeing, however, it appears to have an important indirect effect
through the women's lesser schooling, larger family size, and through the lower
income of other household members, particularly the husband.

Proposed Course: This two-year project will terminate in FY 78.
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: Alienation and Fertility Control in the Early Years of

Marriage
NOl-HD-62833
Bowling Green State University
$142,361 (1976); $125,117 (1977); $111,309 (1978)

Ob.i ectives

:

This proposal involves testing of the relationship between alien-

ation and fertility with respect to a broad range of dependent variables,

including family size preferences, early contraceptive and pregnancy decision-

making, contraceptive use, premarital and unplanned pregnancies, and abortions.

The research will focus on the early years of childbearing. Data will be

collected by means of self-administered questionnaires from a group of 600

once-married couples, classified according to wife's age at marriage and marital

duration. Methodologically, in addition to development of new measures of alie-

nation, reversal of the alienation concepts will result in focus on positive

measures of social integration. This work continues and expands on previous

work by the principal investigators.

Significance to Biomedical Research and Program of the Institute: This research

is relevant to the Institute's interests in the antecedents and determinants of

fertility.

Proposed Course: Forms clearance was received in FY 78 so field work is now

underway and this study is scheduled for completion in FY 80.
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Fertility Values and Family Growth
NOl-HD-62834
Temple University
$180,753 (1976); $37,800 (Est. 1978)

Objectives: The goal of this project is to study the developmental effects of

actual fertility on fertility values within religious and SES subgroups. This

project is the outgrowth of a successful methodological study (contract number

NOl-HD-12241) regarding the conceptualization and measurement of fertility
values. That study indicated that the experience of bearing children was

related to people's perceptions of a range of values related to fertility and

family-size desires. In that study, however, because longitudinal data were

not available, it could not be determined whether people with three children

had different values from those with no children because of the presence of

children. The study proposed here will establish more clearly: (a) the

effects of parity increase on the relationships of fertility values to desired

family size; (b) the fertility value relationships that are associated with

Catholic/Protestant affiliation, social class and those that are independent

of these two factors; and (c) the parental experiences associated with an

increase in parity.

Significance to Biomedical Research and Program of the Institute: This project

is based on a successful exploratory study regarding fertility values. Through

the careful identification of the criteria by which people evaluate various

family sizes and assess their costs and rewards, this research will enhance

our understanding of the process of family formation. The research will also

improve our understanding of the consequences of fa.aily size by elaborating

how fertility influences future decisions about having children. The bearing

of children— family formation— is a process in which decisions are continually

made and revised but it is the processual aspect that is most difficult to

research. To gain insight into this process would be a significant advance

in the field of population research.

Proposed Course: The first stage of thie project is expected to be completed

in FY 79.
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Contract Title : The Social and Demographic Consequences of Teenage Child-
bearing for Urban Women
NOl-HD-62836
The University of Maryland A
$101,246 (1976)

Contract Number
Contractor
Money Allocated

Objectives: The purpose is to investigate the impact of age at motherhood on
the role aspirations and behavior of women, specifically assessing the conse-
quences of having the first birth during the teenage years versus postponing
it until a woman is in her twenties. The consequences to be studied include
effect on birth intervals, completed fertility, marriage, school and work.

The source of data for the analysis is a longitudinal study, which began with
a study of 408 women in three boroughs of New York City, all of whom had had
their first birth in July of 1970, 1971 or 1972. The women were aged 15 to 29
at the time their first child was bom and were first interviewed in 1973.
Second and third interviews were conducted in 1974 and 1976.

Major Findings: At the first interview (when the first child was \ to 2^5 years
old) one-half of the teenage mothers said they wished the child had been bom
later or never. Three years later 78 percent of the teenage mothers said thA
looking back they would choose a later age for their first birth. Despite thxs,
teenage mothers were more likely thave a second child within two years after
their first than were mothers in their twenties.

Over one-fourth of the unmarried mothers had married within the 45 months cover-
ed by the study, about 2/3 of them to the child's father. However, 37 percent
of these women became separated or divorced within this short period. Over half
had been employed but young mothers suffer from their lack of work experience.
Employment rates after the first birth are similar for teenage mothers and
mothers in their late twenties when considering only those with prior work
experience. Not surprisingly, over 68% of the teenaged mothers were at some
time since the birth in a household receiving public assistance. Less than
one-fourth of the fathers of babies born out of wedlock were in contact with
the child's mother on a weekly basis at the time of the second interview, and
contact diminished over the years. Maintaining social contact seems linked
with financial support, rather than being a substitute for it. None of the
unmarried mothers received child support in all three years covered. The yoi^'
mothers' parents, especially her mother, provide housing, childcare, and in

"
over 2/3 of the cases direct financial aid.

Proposed Course: This project will be completed in FY 78.
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Sequelae to Teenage Pregnancy
NOl-HD-62858
Princeton University
$74,891 (1976); $83,542 (1977)

Objectives: The purpose is to assess the consequences of adolescent childbearing

on marital stability, later fertility, education, labor force participation,

income and poverty status, attitudes of various kinds and selective consequences

to the children. These topics will be addressed through the National Fertility

Surveys of 1965, 1970 and 1975 as well as the 1973 National Survey of Family

Growth.

The work will focus on women who became mothers early in their lives to ascertain

the ways they are different, or like, others whose childbearing was postponed and

to find out whether their problems have changed over the recent past, a time of

great attitudinal and behavioral change for all women.

Significance to Biomedical Research and Program of the Institute: The consequ-

ences of adolescent childbearing are of particular interest in the United States

where one birth out of five occurs to a teenager. These effects may be felt in

both the medical and social spheres of life. While there is considerable

interest in this topic, there has been little analysis of representative data

sets to assess the consequences of early childbearing.

Major Findings: Work to date has concentrated on marital dissolution and subse-

quent fertility of women who became mothers as adolescents. Marital dissolution

rates decrease as the age at the first birth increases. Younger ages at first

birth are strongly associated with a faster pace of subsequent childbearing,

completed fertility, and higher proportions of children unwanted and illegiti-

mate. These conclusions also hold within racial and educational, and religious

subgroups. Much of fertility differentials by race and education can be

explained by differences in age at first birth. An unexpected finding is that

marital status at the first birth had relatively little effect on subsequent

fertility. This analysis suggests, however, that 18-19 year olds, who indeed

experience somewhat lower subsequent fertility and fewer unwanted births than

younger women, are still a higher risk group than women whose first birth

occurs after age 20.

A further analysis found a slight independent effect of age at first birth on

labor force participation and the wage rate, once other social and demoaraohic

variables are controlled. It is, however, likely that age at first birth

affects educational attainment, which has been shown to have a profound positive

effect on both the market wage and labor force participation. This, in conjun-

ction with the increased fertility and marital disruption suggest that the

trajectory of economic advancement might be lowered by young motherhood.

Proposed Course: This project was begun in fiscal 1977.
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Contract Title : Research on the Consequences of Adolescent Pregnancy and
Childbearing
NOl-HD-62859
University of North Carolina
$94,332 (1977)

Contract Number
Contractor
Money Allocated

Objectives: This study assesses the long-term, social and demographic conse-
quences of teenage childbearing through the use of the 1971-1975 Current Popu-
lation Surveys, the 1970 National Fertility Survey, and the 1973 National Survey
of Family Growth. The CPS and the NFS offer different kinds of data and sample
sizes and provide complementary data sources. The effects of adolescent child-
bearing on subsequent fertility and marital history are being studied by
descriptive and life table analyses of the timing and sequence of birth and
marital events of age-at-first-birth cohorts. The effects of adolescent child-
bearing on subsequent socioeconomic achievement are being explored initially by
comparing the means and variances of a number of socioeconomic statuses for
age-at-first-birth cohorts by age at interview. Finally, reasons for socio-
economic differences between adolescent childbearers and post-adolescent
childbearers are being examined by estimating past models of indices of family
economic welfare and other variables.

Significance to Biomedical Research and Program of the Institute: The conse-^^
quences of adolescent childbearing are of particular concern in the United
States where one birth out of five is to a teenager. These consequences may
be social and/or medical and affect the mother, the child, the father, extended
family and society. This project fits into a broad spectrum of research designed
to measure the consequences of adolescent childbearing and document the processes
by which such consequences result

Major Findings: Data suggest that among all cohorts (women bearing their first
child in 1930-1945, 1946-1960, and subsequent to 1960), adolescent mothers had
higher fertility, and shorter spacing of subsequent births. The majority of

mothers with only one child at the time of survey are expected to have an
average of one more child in their lifetime regardless of age at first birth.
Among mothers with two births, however, a higher percentage of adolescent
mothers, as opposed to post-adolescent mothers, are expected to have one more
child. This research has also documented a number of other important findings
indicating that childbearing at unusually young ages results in a number of

undesirable outcomes for both whites and blacks, e.g., less education, lowerijp
occupational status, a higher prevalence of poverty, lower family economic
welfare, and higher rates of marital dissolution.

Proposed Course: This project, begun in FY 77, will be completed in FY 79.

m
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Contract Title : Effects of Adolescent Pregnancy on Mother- Infant Relation-
ships: A Transactional Model
NOl-HD-62860
George Peabody College for Teachers
$80,822 (1976 TQ) ; $57,442 (1977); $61,569 (1978)

Contract Number
Contractor
Money Allocated

Objectives

:

To analyze existing data in three studies evaluating the psycho-
logical and behavioral consequences (among socio-economically disadvantaged
patients in Nashville General Hospital) related to early childbearing among
pregnant adolescents in comparison with pregnant women above age 20.

Significance to Biomedical Research and Program of the Institute: This project
is relevant to RFP 76-11 on "Reserch on the Consequences of Adolescent Pregnancy
and Childbearing" and should provide information on mothers at risk of mistreat-
ing their children and other information on the effects of prenatal training
programs of use to the policymaker.

Major Findings: This sample of newborns indicates significant relationships of
age at menarche with naternal age in support of current theories of increased
fecundity among younger women (Cutright, 1972) and implies that the younger
pregnant adolescent may be biologically prepared for reproduction at an earlier
age and is not necessarily more sxually active than her nonparent age mates.
In conjunction with the findings of Erkan, Rimer, and Stine (1971), this
suggests that menarchal age may be of more consequence than chronological age
in studies of adolescent fertility.

In addition, this research shows significant relationships between experiencing
stressful life events and age and birth order. It supports the hypothesis that
younger, adolescent women pregnant for the first time experience more stress
than do older women and women who have had several pregnancies.

This research also shows a significant relationship of the effects of anesthesia
on the behavior of the newborn. The influence of drugs on neonatal behavior
(ttf . , Aleksandrowicz and Aleksandrowicz , 1974; Osofsky and Danzger, 1974), may
be of importance in adolescents since other studies (e.g., Kraemer, Komer,
and Thoman, 1972) have found medication to be related to both parity and length
of labor— thus, as the adolescent mother is more likely to be primiparous, the
effect of drugs on her may be considerable.

Proposed Course: This three-year contract is to be completed in FY 79.
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Contract Title : The Intellectual and Behavioral Status of Children Bom
to Adolescent Mothers
NOl-HD-72805
The Alan Guttmacher Institute
$46,704 (1976); $45,720 (1978)

Contract Number
Contractor
Money Allocated

Objectives: This study makes use of Cycles II (1963-1965) and III (1966-1970)

of the Health Examination Survey (ages 6-11 and 12-17) and the Collaborative
Perinatal Project data on children 7 years old (1959-1973). The focus will be

on differences between children of youthful mothers and other children of the

same age with respect to intelligence, achievement, and personality adjustment
as measured by tests and observation of behavior. In addition, the development
of children born of adolescent mothers will be compared with that of their

siblings who were born later after their mother had passed adolescence. The

analysis will take into account birth order, birth interval, and family size.

Results will be shown by single years of age of the mother, whereas earlier
findings from the source material have been shown only for women under 20 years

old as a group.

The value of this study lies in its attempt to establish or at least clarify,

causal relationships between being bom of a teenage mother and the perforraar^^

variables included. For example, the study will address the impact of teena^^
motherhood on the personality adjustment of the child and explore the relation-
ship between the changes over time in the performance of the child and in the

social and marital circumstances of the parents. If these objectives could be

firmly established, measures could be more effectively promoted to ameliorate
the conditions through special education in childrearing and through day care
under more competent supervision. It is also proposed to study the effects on

later children of a woman having a teenage birth. This is an important area
of research which has been virtually ignored to date.

Significance to Biomedical Research and Program of the Institute: This research
is relevant ot the Institute's interests in the correlates and consequences of

fertility.

Major Findings: Preliminary analysis shows that the child of an older mother
does slightly better on intelligence (WISC) and achievement (WRAT) scores even
when data are controlled for a large number of social and demographic variables.

#
Proposed Course: This study began in November 1976 and is expected to be

completed in November 1979.
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Contract Title : Economic, Social and Psychological Consequences of Teenage

Childbearing
NOl-HD-72806
Institute for the Continuous Study of Man

$64,067 (1977); $77,674 (1978)

Contract Number
Contractor
Money Allocated

Objectives: This is a study of the consequences of adolescent childbearing in

black and white populations of lower socioeconomic status. The data base is

from the Philadelphia National Collaborative Study data with a sample of the

NCPS (10,000 pregnancies of which about 25% are under 20 years of age). A large

number of economic, social and psychological consequences are to be analyzed with

reference to antecedent variables. Data on child development to age seven are

available, including behavior in the home and at school, psychological problems

measured behaviorally and interaction with parents. Planned control groups are

(1) women who did not bear a child until after age 19 (vs. women who bore a

child under age 20), equated from age at time of testing, and (2) children whose

mothers were adolescents when they were born (vs. children whose mothers were

older) , equated by age at birth.

These data show promise of yielding high quality information on the differences

between adolescent and older mothers, between adolescent and other fathers,

between children of these same groups, and on family interaction in those groups.

The number and quality of the measures of child social and intellectual develop-

ment, and the measures of mother adjustment, are higher than average.

Significance to Biomedical Research and Program of the Institute: This research

is relevant to the Institute's interests in the correlates and consequences of

fertility.

Major Findings: Preliminary analyses show that blacks giving birth under 18

were disadvantaged in a number of areas compared to older women: at the time

they gave birth, they were more likely to have lower incomes; the fathers of

their babies were less likely to be present or to be married to them; had

completed fewer years of school and they were less likely to have prior work

experience. Disadvantages remained on a 7-year follow-up. Though there were

no differences in reported incomes, younger women were more likely to receive

public assistance and were less likely to be living with husbands. They also

remained less well-educated.

Proposed Course: This study started in July of 1977 and is expected to take

about 26 months to complete.

181



NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : A Study of Resource & Environmental Consequences of

Population Growth
NOl-HD-72815
Resources for the Future
$221,448 (1977); $25,334 (1978)

Contract Number
Contractor
Money Allocated

Objectives: The goal of this project is to refine the assumptions underlying
assessment of environmental consequences of varying rates of population growth
developed in a predecessor project, particularly with respect to consumer expen-
ditures. The original model underlying this project includes some 160 consumer
sectors. Projection equations for these sectors were based on the 1960 survey
of consumer expenditures plus time series information on purchases over the

period 1947-63. With one or two exceptions, these equations did not take into
account demographic changes other than scale, that is, sheer numbers of people.
Much of the work, this past year has involved the development of new consumption
functions that utilize the 1972-73 consumer expenditure survey and include
variables relating to the composition of households by size, age of head, and
mix of adults and children, and the distribution of incomes among households.
In addition, special models for education, health and housing were constructed
since the CES is inadequate for these sectors. ^^- .

Significance to Biomedical Research and Program of the Institute: This project
is relevant to the Institute's goal of understanding the consequences of popu-
lation size and distribution. A central issue in the study of population growth
rates is how they affect general welfare or quality of life of the population.
This project will elaborate the effects of population size on general welfare
and especially on the economic and resource bases.

Major Findings: The dominant demographic effect on consumption is scale: double
the population and expenditures double. The largest effects of compositional
changes are found for food, education, health, housing, and some household
furnishing and maintenance items. With the exception of education and housing,
the compositional effects run counter to the scale effects. The income effect
always runs counter to the scale effect. Thus a faster growing population
always means a slower growth in per capita income. But the size of the income
effect varies considerably from commodity to commodity.

The net result is that, overall, the composition of output is fairly stable ^
across scenarios that differ only because of population assumptions, more ^^
stable than had been expected on the basis of runs of the original model. As

a consequence, the resource and environmental impact of changes in population
assumptions are smaller than in earlier runs. The earlier conclusions, however,
that fuel shortages will become intensified by the end of this century and that

transition to fuels other than petroleum will be more difficult the higher the

rate of population growth, are not materially modified.

Proposed Course: This project was completed in FY 78.
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Contract Title : Consequences of Late Adolescent Childbearing in the Early
1970s
NOl-HD-72819
The Rand Corporation
$120,700 (1977); $131,130 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives: This research will examine the consequences of adolescent child-
bearing in five major areas of the young parents' lives: (1) selected dimen-
sions of personality (self-esteem, locus of control, and adult role orientation);
(2) future expectations and aspirations about work, education, and family growth;
(3) women's perceptions and orientations about homemaking and work; (4) young
parents' economic well-being; and (5) their economic dependency on their parents
and society.

The proposed research will use data from the National Longitudinal Study of the
high school class of 1972. The baseline survey was conducted on a nationally
representative random sample of about 18,000 seniors from 1200 high schools.
Follow-up waves were conducted in the Fall of 1974 and 1976. A variety of
multivariate statistical analyses are planned which will focus on chains of
causation through which adolescent childbearing predisposes specific conse-
quences for the parents.

Significance to Biomedical Research and Program of the Institute: Adolescent
childbearing is of particular concern in the United States where one birth out
of five is to a teenager. This research will assess a number of social and
economic consequences of adolescent childbearing for the woman involved and
to a lesser extent the couple, the parents and society. Adolescent childbearing
has both social and medical sequelae which in all probability interact to
influence the future life course of those involved. While this is a very
important area of research, it is one where definitive analyses of these
consequences has been lacking. This project fits into a body of research
designed to fill this gap.

Major Findings: Trial runs undertaken to construct a matched sample of approxi-
mately 19-year-old adolescent parents and nonparents as of October 1973 have
identified the following patterns: (1) sharp differences, both near- and long-
term in college and work aspirations; (2) those already parents more often
planned to have another child within a year; (3) male adolescent parents tend
to choose jobs on the basis of job security and initial income, e.g., as crafts-
men, laborers, proprietors, etc., whereas the nonparents select more interesting
work as professionals and teachers; and (4) the quality of life is also quite
different—adolescent parents tend to be more concerned with the necessities
of life, e.g., enough money and good health rather than self-expression, e.g,
doing the kind of work one wants to do.

Proposed Course: This project is scheduled for completion in FY 80.
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Contract Title : Long-term Consequences for Children of Adolescent Child-
bearers: An Analysis of Project TALENT Data

Contract Number : NOl-HD-72820
Contractor : American Institutes for Research IV
Money Allocated : $72,671 (1977)

Objectives

:

Project TALENT longitudinal data from a national sample of the

1960 high school population were used to investigate whether children born to

adolescent parents differ from their peers on a variety of long-term outcomes

—

cognitive and social-psychological variables measured during adolescence; and
educational, occupational, marital and fertility outcomes taken at about age 30.

Significance to Biomedical Research and Program of the Institute: This project
is highly relevant to RFP 76-12 on "...The Consequences of Adolescent Pregnancy
and Childbearing" . The study of long-term consequences for children bom to

adolescent parents is of value to the Institute because the implications for

adjustment and attainment of the children over a large portion of their lives

can be assessed. The search for significant differences between children bom
to adolescent parents and their age peers born to older parents allows essential
controls for other factors to be introduced.

Major Findings: The cognitive, personality, educational, occupational, mari^_,
and fertility consequences of adolescent childbearing are not as severe for the

children as for the parents (especially mother) involved. (See also Contract
NOl-HD-62831 and "Teenage Mothers and Teenage Fathers: The Impact of Early
Childbearing on the Parents' Personal and Professional Lives", Family Planning
Perspectives , Jul. -Aug. 1978.) While differences on all these outcome dimen-
sions were found between children of adolescent parents and their classmates,
all except the cognitive differences disappeared when antecedents common to

both adolescent parentage and the outcome variables (such as race and socio-
economic status) were controlled. About equal-size cognitive decrements were
found for male vs. female, black vs. white, rich vs. poor, and rural vs. urban
subgroups of children of adolescent parents. Children born when their parents
were very young (under age 18) had lower cognitive scores than children born
when their parents were ages 18 and 19. Children of adolescent fathers had
lower cognitive scores than children of adolescent mothers. These cognitive
differences appeared to be mediated largely by the continuity of the family
structure in which the child was reared, with children raised by their two

biological parents having the highest cognitive scores, followed by children^
raised by one biological and one step-parent, then by children raised by a

single parent or by a person other than a parent, and lastly by children who
shuttled back and forth between two households, one headed by the father and

the other by the mother. When family structure and the antecedent demographic
variables of race, socioeconomic status, and birth order were controlled, the
cognitive differences between children of adolescent parents and their class-
mates ceased to be statistically significant.

#
Proposed Course: This project will be completed in FY 79.
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Contract Title : Consequences of Teenage Motherhood for Mother, Child and

Family in a Black Urban Community
NOl-HD-72821
University of Chicago
$174,966 (1977)

Contract Number
Contractor
Money Allocated

Objectives: The proposed research is studying the sociological, psychological

and psychiatric consequences of teenage childbearing for the mother and for the

child bom to them. The project will analyze data collected for the Social

Psychiatry Study Center's longitudinal community-wide study of children and

their families in a black, low-income Chicago community. The study sample con-

sists of 1242 children who entered the first grade in 1966, over 200 of whom

were born to teenage mothers and over 500 of whose mothers began childbearing as

teenagers. The data include: periodic ratings and assessments of the childrens'

social role functions and psychological well-being, IQ, grades and achievement

measures collected over a 10-year period, personal interviews with the mothers

in 1967 and 1975 providing information on demographic, social interactional , and

psychological variables for the mother and the family; and baseline and outcome

information for those who participated in a project-related treatment program.

Significance to Biomedical Research and Program of the Institute: Evaluation of

the consequences of teenage childbearing has especial relevance to one of the

major emphases of the research program of the Center for Population Research:

the consequences of childbearing patterns to mothers, children, and society. The

problem of teenage childbearing is especially significant because of the increas-

ing rates of childbearing among teenagers, especially the younger teenagers. The

study will provide essential information regarding health, welfare and social

adjustment problems for both mothers and children of significance to a variety

of concerns of the P.H.S. and the D.H.E.W.

Major Findings: Children of mothers who began childbearing at 17 or younger are

less likely to be rated adapting to school by first-grade teachers (time 1) than

children of older mothers, and, particularly for boys, failure to adapt to first

grade is strongly related to more intense psychiatric s3rmptoms 10 years later.

Mother's age at start of childbearing is related to her psychological well-being

when the study child was in first grade (time 1), young teenager mothers being

least likely to report feeling very good and most likely to report feeling very

bad at this time. All mothers' psychological well-being, if low at time 1, is at

risk of remaining low ten years later (time 2). Teenage mothers are more likely

than older mothers to be the only adult in their household (mother alone) at

time 1, and least likely to be in mother/father households. All mothers in

mother-alone households at time 1, regardless of age of start of childbearing,

are at high risk to be in mother-alone families at time 2, but teenage mothers

in mother/father households at time 1 are less likely than older mothers to

remain in mother/father families at time 2.

Proposed Course: This contract, initiated in FY 77, is expected to be completed

in FY 79 or 80.
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Early Childbearing and Kinship Relations
NOl-HD-72822
Center for Research on the Acts of Man
$60,150 (1977)

Objectives: This research is investigating how the pregnancy and childbearing
experiences of teenagers interact with the life situation of other family

members. The specific aims of the study are: (1) to describe the availability

of kin services to the mother and identify the conditions that affect such

services; and (2) to study the impact that providing such services has on the

kin members themselves and on kin relationships. Data sets available are longi-

tudinal survey data including non-pregnant teenagers, teenage mothers and older

mothers, which will allow comparative analysis of the impact of motherhood at

various ages upon the functioning of the kinship system.

Significance to Biomedical Research and Program of the Institute: In developing

information on how teenage motherhood affects the relatives of the teenage

mothers and the extent to which the kinship system is relied upon for financial

support and childcare, this study will contribute to the understanding of a

largely ignored consequence of early childbearing. The findings will thus have

important implications for the study of consequences of childbearing pattern^
and for programs of the Public Health Service and other agencies of the Depa^-
ment of Health, Education and Welfare.

Major Findings: Most of the adolescents in the sample studied were highly depen-

dent on the family, especially in the first several years after their child was

bom. Some seventy percent of the sample were living with one or both parents

the year after their child was bom, and, at the five year follow-up, more than

a third were still residing with their parents. In addition to providing room

and board, parents were the principal agents of childcare, frequently assuming

the major role for taking care of the child. At the five-year follow-up, more

than a third of the young mothers reported that their mothers or some other

relative was assuming full daytime responsibility for the child. Families with

greater resources, where one or both parents held a skilled job, were much more

likely to retain the adolescent mother in the household over the course of the

study. Two-parent families offered more assistance than female-headed house-

holds. Women who resided with their families during the course of the study

were also more likely to have graduated, be employed, and not be on public ^_
assistance at the conclusion. ^P

Proposed Course: This study, initiated in FY 77, is expected to be completed

in FY 79.

186



NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch

Contract and Collaborative Research

Contract Title : Relations Between Teenage Pregnancy and Neonatal Behavior

Contract Number : NOl-HD-72823
Contractor : Children's Hospital Medical Center, Boston

Money Allocated : $11,480 (1977)

Objectives: This study focuses on the relationship of juvenile pregnancy to

neonatal behavior. Specific objectives are to investigate the extent to which

adolescent pregnancy is related to behavioral deficits in the newborn, to relate

several prenatal and obstetric factors to behavioral outcomes in the children

of young mothers, and to compare the behavioral characteristics of these neo-

nates across two cultures. The principal measure of behavior is the Brazelton

Neonatal Behavioral Assessment Scale applied to two-day-old infants. A Florida

group consists of 155 babies born at the Shads Teaching Hospital, University of

Florida Medical School; and a Puerto Rican group is composed of 156 babies born

at the Hospital Municipal, San Juan, Puerto Rico. In addition to the Brazelton,

complete records of medical history of mother and baby, birth weight, length,

head circumference, and chest circumference as well as 1 and 5 minute Apgar

scores are available for each infant. The mothers in the Florida group ranged

from 14 to 31 years of age with 32 mothers aged 17 or below. They were all from

low socioeconomic status families and were part of a medical care program for

the indigent. The mothers in the Puerto Rican group ranged from 13 to 32 years

of age with 30 mothers below the age of 18. Mothers in both groups were from

a range of social class backgrounds.

This study should separate out maternal age from other factors which might con-

tribute to the infant's condition as a newborn. It would also complement the

results of other research projects studying longer range developmental phenomena

as a function of maternal age.

Significance to Biomedical Research and Program of the Institute: This research

is relevant to the Institute's interests in the correlates and consequences of

fertility.

Major Findings: Preliminary data analysis shows differences in neonatal behavior

mainly related to obstetrical history in Puerto Rico but mainly related to age of

mother in Florida. Preliminary hypotheses to explain this are concerned with

societal differences in acceptance of teenage pregnancy resulting in differences

in adequacy of prenatal care in the two cultures. The Puerto Rican mothers were

mostly married and received prenatal care (in contrast to the Florida mothers)

.

Proposed Course: This contract is expected to expire 29 September 1978,
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A Continuing Study of Childlessness and One-Child Families
NOl-HD-82801
University of Southern California
$67,653 (1978) P"

Objectives

:

This study proposes to complete work already begun at the University
of California by the P.I. dealing with comparative levels and trends in child-
lessness and one-child families in the United States and around the world. The
actual prevalence of childlessness and one-child fertility will be analyzed
historically and comparatively. Such analyses will be used to test current
theories and formulate new theories. Variations in childlessness and having
one child will be examined using various demographic and social characteristics
such as age, age at marriage, level of educational achievement, labor force
participation of the women, occupation, rural or urban residence, ethnic
identity, race, religion and income. A catalog of statistical information on
childlessness and one-child fertility found around the world will be completed.
Such a catalog, the first to be made anywhere, will be of use to other research-
ers as well as to the investigator in this study. With the reported and
estimated facts available on an international basis, it is proposed to establish
the range of international and historical variation in the level of ultimate
and 1 parity, and to discover the kinds of societies and economies that give^
rise to levels close to the lower and upper limits.

Significance to Biomedical Research and Program of the Institute: This study is

relevant to the program of research in the behavioral sciences because it deals
with one extreme of the fertility distribution curve, and can shed light on
factors affecting motivation for fertility limitation. It is particularly
timely in view of current social emphases upon fertility limitation and advocacy
by some groups of childlessness and one-child families. The study of factors
affecting such behavior provide complementary data to the behavioral science
program to study consequences of family size.

Major Findings: Devising a synthetic cohort approach to data analysis the inves-
tigator found that the rates of childlessness are changing for blacks and whites
so that the old rate of black childlessness, which was higher than white (21.4%
compared to 11.7%) would change to 20.1% for non-white women and 21.4 for whites.
Thus, childlessness as a factor tending to reduce racial differentials in ferti-
lity may be expected to disappear in coming years. It was also found that, o"

the basis of fertility rate changes between 1960 and 1974, one-child familie,
in the U.S. were increasing. The research has also noted that the proportion of

childless women in the U.S. has always exceeded the proportion having only one
child, but that the difference has dropped over time and that the change appears
to have come about more through a reduction of childlessness than from a rise in

the one-child parity. Preliminary analysis of international comparative data
has shown distinct differences from one culture to another.

Proposed Course: This contract begun in FY 78 will be completed in FY 79.
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Survey Research on Childlessness & the One-Child Family

NOl-HD-82802
University of California, Los Angeles

$55,602 (1978)

Objectives: Through the use of survey techniques, this project will continue the

effort initiated under a previous contract to study motivation for below-parity

reproductive behavior. Using a data bank of Gallup surveys dating back to the

1940s, plus special survey questions on childlessness and the one-child family

generated in February 1977 and to be commissioned in the course of this proposed

contract, socio-demographic and attitudinal characteristics of persons favoring

low fertility as compared with persons desiring larger families will be analyzed.

The analysis will include six European surveys from the late 1960s containing

data on family size preferences. This research also seeks to measure the

general climate of opinion concerning childlessness and one-child families. A

final objective of this research is the development and improvement of a scale

to measure attitudes toward childlessness.

Significance to Biomedical Research and Program of the Institute: The study is

relevant to the program of research in the behavioral sciences because it deals

with one extreme of the fertility distribution curve, and can shed light on

factors affecting motivation for fertility limitation. It is particularly timely

in view of current social emphases upon fertility limitation and advocacy by some

groups of childlessness and one-child families. The study of factors affecting

such behavior provide complementary data to the behavioral science program to

study consequences of family size.

Major Findings: Findings to date indicate that, at the present time, childless-

ness as a way of life has not captured the popular imagination. Women, the

highly educated, the divorced and single, the young, the urban, the well-to-do,

and non-Southerners are the least pronatalist. But even among them very small

percentages view childlessness as an advantaged condition. There is, however,

considerable disagreement as to the disadvantages, leading the investigator to

conclude that "childlessness is definitely not preferred, but it is not totally

out of bounds". She suggests also that "there is an influential and important

constituency that explicitly challenges the notion that non-parenthood is

visited by major sanctions".

Proposed Course: This contract was initiated in FY 78 and is expected to be

completed in FY 79.
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How Mother's Age and Circumstances Affect Children
NOl-HD-82806
University of Southeim California
$95,058 (1978)

Objectives

:

This is a two-year study which makes use of sample data that were
collected in 1963-65 in the Health Examination Survey conducted by NCHS in

cooperation with the Bureau of the Census. The sample included children 6 to

11 years of age in a representative nationwide survey who were administered
physical and psychological tests, whose parents and teachers provided back-
ground information and evaluations, whose records in the offices of their
physicians, dentists, and hospitals were consulted, and whose birth certifi-
cates are to be obtained. This information is available for about 7000 children,
300 of whom can be identified as illegitimate. The purpose of the study is to

determine whether youthful age of mother and growing up in a disrupted family
adversely influences the development of the child, controlling for social class
and birth order.

Significance to Biomedical Research and Program of the Institute: This research
is relevant to the Institute's interests in the correlates and consequences of

fertility. g

Major Findings: Using the Integrated Data Tape file of the Health Examination
Survey, the investigator and his colleagues have been able to show that there
is an inverted U-shaped relationship between mother's age and the child's
intellectual and educational development. For the distribution obtained so
far, it might be inferred that the optimum age for a mother to have a child is

between 23 and 39. Between these ages the average scores are higher than at

either earlier or later ages. However, the investigator feels that the corre-
lation found is not an adequate basis as yet for assuming that age of mother
per se has an effect on the child's development. Work will continue on
analysis of the data using intervening variables such as marital status,
socio-economic level, etc.

Proposed Course: The contract was initiated in FY 78 and is expected to be
completed in FY 79.
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Contract Title : The Consequences of Family Structure and Maternal State
for Child and Mother's Development
NOl-HD-82807
University of Southern California
$174,357 (1978)

Contract Number
Contractor
Money Allocated

Objectives

:

This is a study of the effect of family size and childspacing upon
the health and social development of children, using a Danish population of

9000 children born in 1959-61 in Copenhagen. Data will be analyzed to determine
effects of order of birth and sex, age of mother, wantedness, spacing, perinatal
factors, parental health and social and family structure variables. Additional
data will be collected on development of children, school performance, delin-
quency, and psychological and social functioning.

Significance to Biomedical Research and Program of the Institute: This study
will exploit an excellent data file to explore the consequences of family size,
birth order, and childspacing for a variety of health, psychological, and
social outcomes. It promises to contribute considerably to knowledge concerning
the effect of both family size and birth spacing on the health and social
development of children.

Major Findings: The most important finding to date is that very young mothers
and mothers of illegitimate children show no higher pre-, peri-, and neo-natal
complications than other mothers in this population. This finding corroborates
results of the American Collaborative Study where University hospitals were
also used, but contradicts findings of most population studies involving more
representative populations of Americans, British and Danish. It emphasizes the
importance of adequate medical and health care for young and lower SES mothers.
Even in this study lower SES is frequently related to negative outcomes. The
study finds, however, that children of older mothers do better at one year of

age, except where mothers under 20 rely upon older women (i.e., grandmothers)
for child care.

Proposed Course: This study is a continuation of a project initiated in FY 76

at Columbia University and is expected to be completed in two years.
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Contract Title : Psychological Factors and Fertility Regulation in Women:

Data Analysis
NOl-HD-82831

American Institutes for Research, Palo Alto, California j
$103,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives: This is a proposal for 12 months support to analyze already collected
data generated by the Principal Investigator in a study of psychological and be-
havioral factors affecting fertility regulation in women. The original investi-
gation used a prospective design to gather data annually over a four year period
for approximately 1100 women and, when married, their husbands. There were three
subject groups: 325 never-married women, 322 just-married women, and 320 just
mothered women (having their first child). The study sample was of restricted
age and marital status, all fecund, white, and English-speaking women, selected
randomly from a specified urban /suburb an geographical area around Stanford,
California.

Research interventions included a semi-structured interview and an innovative
battery of self-report questionnaires and inventories, mostly designed by the
Principal Investigator. The focus was on psychological and behavioral aspects
of (a) cohabitation, marriage, sexuality, contraception, gender role activiti^
occupational activities, and divorce as each of these domains affected fertilj^^

,

and on (b) proception, childbearing, and childrearing. Throughout the investi-
gation some emphasis was placed on individual and couple decision making and on
effects of individual traits and life course stages on fertility related behavior.

The proposal offers a plan for analyzing the data. The broad purposes of the
data analysis are (1) to test the adequacy of a general causal model of indivi-
dual fertility regulation behavior; (2) to examine in detail the relationships
between the many different categories of behavior that appear to effect fertility
regulation; (3) to test a number of hypotheses about the effect of specific psy-
chological traits and behaviors on fertility regulation; and (4) to develop a
rich set of descriptive information about various aspects of the fertility
regulation sequence. The overall data analysis will enable the Principal Inves-
tigator to write a large monograph dealing with the psychology of fertility
regulation during the early part of women's reproductive careers. The general
strategy for analyzing the data relies on Multiple Classification Analysis to
handle nominal and interval independent variables simultaneously.

Significance to Biomedical Research and Program of the Institute: This researcn
is relevant to the Institute's interests in the correlates and determinants of
fertility regulation behavior.

Proposed Course: This contract is expected to be negotiated in FY 78 and will
take approximately one year to complete.
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Contract and Collaborative Research

American Attitudes Toward Abortion
NOl-HD-82832

University of California at Los Angeles
$150,000 (Est. 1978)

Objectives: Building on the Principal Investigator's research on abortion
attitudes over the past 12 years, this study analyzes existing data and gener-
ates new data on abortion attitudes over a three-year period as expressed in

U.S. national samples tapped by the Gallup Poll. The emphasis is on demographic
and social psychological correlates of pro- and anti-abortion positions. The

two phases are interrelated. The first emphasizes descriptive, socio-demographic
and locational aspects of abortion attitudes, including changes over time. There

is special concern with: (a) pro- and anti-abortion groups; and (b) ascertaining
whether the increased saliency accorded abortion in recent years is leading to

greatly enhanced attitudinal consistency and, if so, with what effects. The
second major component studies sociological and personality predictors of

abortion attitudes, ranging from sexual behavior and feminism to tolerance of

ambiguity and impulse gratification. The project utilizes Gallup survey data
going back to 1962, data from the National Opinion Research Center (NORC)

surveys, and information from the 1965 and 1970 National Fertility Studies
(NFS). One of its strengths is that it points out the lack of consistency
between attitudes and behavior in the abortion area. Disaggregation of abortion
attitudes as the dependent variable— timing of abortion, belief about when life

or personhood begins, government aid for abortion, etc.—appears to be increas-
ingly significant as people become more aware of the complexity of the abortion
problem and particular features of this complexity assume a positive or negative
connotation.

Significance to Biomedical Research and Program of the Institute: This research,
requested under RFP 78-6 relating to "the regulation of fertility", is central
to the Program of the Center and is highly policy relevant to both departmental
and Congressional interests in this area.

Proposed Course: This project is scheduled to get underway in FY 78 and to be

completed in FY 81.
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Contract Title : Psychological Factors Associated with Fertility Regulation:
A Comparison of Pregnant and Non-Pregnant Adolescents
NOl-HD-82833
The Philadelphia Health Management Corp., Philadelphia, Pa(*

$87,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives

:

The primary purpose of this study is to examine the psychological/
thinking processes operating when a female adolescent does or does not become
pregnant. A secondary purpose is to conduct an exploratory study of the know-
ledge and attitudes toward contraception and attitudes toward teenage fatherhood

of male adolescents. The design of the project is based on the belief that while
studies of structural and demographic variables are valuable for their identifi-
cation of high-risk groups, they do not provide understanding of the thinking
processes at work. Without such an understanding, it is believed that interven-

tion programs cannot be developed which specifically meet the needs of these

adolescents.

The subjects for this study will consist of female and male black urban adoles-
cents of lower SES. Three age matched samples will be included in the study.

The first will consist of 90 adolescents entering their third trimester of

pregnancy who have volunteered for one of two alternative programs run by the^
Philadelphia School District: these adolescents will be interviewed once, as

they enter the program. The second sample will be a comparison group of 180

nonpregnant adolescents, matched (on a 2 to 1 basis) with the first on age,

residential location (as an indicator of SES) and race. These adolescents will

be interviewed twice; at the initial interview they will not be pregnant and

they will be interviewed one year later, when it is expected that approximately

25% will have become pregnant during the past year. The third sample will consist

of 90 male black adolescents who have volunteered for a school district group

discussion series on sexuality.

The interview with the adolescents will consist of a fact sheet, three standar-
dized instruments assessing elements hypothesized to be essential to effective
contraceptive use: a sense of control over one's own life, the ability to anti-

cipate the steps for reaching a goal, and the ability to anticipate consequences.
At the follow-up interview with the comparison group, the interview will consist
of: the fact sheet; the instrument measuring sense of control; and questions
about knowledge, attitudes, and information sources about contraception, and ^
questions about expectations for work, family and relationships. t

Significance to Biomedical Research and Program of the Institute : This research
is relevant to the Institute's interests in the correlates of adolescent
fertility regulation behavior.

Proposed Course: This contract is expected to be negotiated in FY 78 and will
take approximately one year to complete.

t
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Contract Title : A Multifaceted Analysis of Abortion as a Social Issue in

the United States, 1965-1978
NOl-HD-82834

University of Missouri
$59,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives: The purpose is to analyze abortion attitudes in the U.S. between

1965 and 1978. Available national survey data obtained from the National

Opinion Research Center (1965, 1972-1977) and the Survey Research Center (1972

and 1976) will be used to describe the climate of opinion and changes in

climate over time; to test 37 hypotheses regarding attitudes to abortion; and

to integrate the findings in such a way as to enhance the understanding of

psychosocial issues underlying abortion attitudes. Among the variables to be

considered in relation to abortion attitudes are socio-economic indicators

including education, political ideology, religion and views on women's liber-

ation and human rights. A mailed survey to 450 members of pro- and anti-abortion

activist groups will address similar issues.

Significance to Biomedical Research and Program of the Institute: Each year

over one million terminate pregnancies by means of a legal abortion. This

research will address factors relating to this major health and fertility issue.

Proposed Course: This project will begin in FY 78.
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Contract Title : A Proposal to Investigate the Determinants of Variations
in U.S. Fertility Trends 1940-1975
NOl-HD-82835
Mathematica Policy Research, Inc. ^
$111,000 (Est. 1978)

^

Contract Number
Contractor
Money Allocated

Objectives

:

This project seeks to determine how economic trends during the
period 1940-1975 have affected the trend in fertility. Changes in both timing
of births and total family size will be related to cyclical variations in

female labor force participation and government income transfer payments, as

these affect and are affected by changes in relative income.

Significance to Biomedical Research and Program of the Institute: This project
is relevant to the program of the Center dealing with social and economic
factors which have influenced wide fluctuations in the birth rate since the
early 1940s, and will contribute insights into the role of government policies
in affecting the level of fertility.

Proposed Course

:

This project was initiated in FY 78 and is expected to be
completed in FY 80.
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Contract Title : Adolescents' Use of Information about Conception and
Contraception
NOl-HD-82836
Planned Parenthood Association/Chicago
$79,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives

:

Fifteen adolescent couples from each of five Chicago Area Teen

Scene Clinics, or 150 teenagers over a one-year period, will be chosen from

different ethnicities and by quotas within each clinic to obtain five seeking

contraception, five who are pregnant, and five with a negative pregnancy test

or "pregnancy scare". In addition, at the end of one year, 10 female adoles-

cents from each of the five clinics will be interviewed as controls. Data

will be gathered by means of four in-depth clinical interviews and from

journals kept by the young people. The subjects of interest include the

adolescents' information about contraception, conception and sexuality, and

their use of that information in the context of their sexual, contraceptive,

and pregnancy behaviors. Based on Piaget's theoretical work, the investigator

argues that mere assessment of knowledge levels among adolescents concerning

contraception and other sexual matters is insufficient to understand the role

of that knowledge in behavior—we should get behind correlations into the

cognitive processes. Adolescents assimilate knowledge selectively and then

use it differently depending on their own contexts.

Significance to Biomedical Research and Program of the Institute: This research,

requested under RFP 78-8 relating to "the determinants of adolescent pregnancy

and childbearing", is central to the program of the Center and is highly

relevant to departmental initiatives and to Congressional interest, as there

is considerable question about the effectiveness of present modes of presenting
necessary information in this area to adolescents.

Proposed Course: This project is scheduled to get underway in FY 78 and to be

completed in FY 80.
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Contract Title : Adolescents' Perspectives on the Health Care Systems:
Determinant of Fertility
NOl-HD-82837
University of North Carolina
$105,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives

;

The purpose is to identify the nature and source of adolecent
women's perspectives on the established medical care system, and the impact of

these perspectives upon their use of the system for fertility-related services.
The objectives of the study are: (1) to identify the specific reasons that
may make adolescent women reluctant to use the established medical care system
for fertility-related services, and (2) to assess the usefulness of a variety
of data collection techniques for use with adolescents.

A variety of methods will be used to obtain a comprehensive list of adolescents'
concerns regarding medical care. A typology will be developed along with a

conceptualization that is in empirically verifiable terms. The research will
involve unstructured group and individual interviews, in formats determined
by a Research Advisory Panel (RAP) of adolescents, to obtain infoirmation from
200-300 adolescent women. A variety of techniques will be used to draw the

adolescents' attention to the topics under consideration. At the end of theA
project the total data file will be analyzed and inductive techniques utilize!-

to develop conclusions, recommendations and guidance for further study. Findings
will provide (1) bases for further research and (2) guidelines for improving
medical services for adolescent women.

Significance to Biomedical Research and Program of the Institute: Other studies
have pointed to the high proportion of adolescent contraceptors who use clinic
services, but little research has addressed the teenagers' failure to use the
established medical care system, i.e., permanent broad spectrum institutions.
This wide-ranging medical system may be the only one large enough to meet the
demands of adolescents for family planning and related services. This research
fills a gap in the research program on adolescent fertility behavior.

Proposed Course: This project was begun in FY 78.

198



NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title : Research on the Determinants of Repeated Adolescent Pregnancy

and Childbearing
NOl-HD-82838
Johns Hopkins University
$50,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives: This project will use the extant data base of a Johns Hopkins longi-

tudinal research and service program established in 1973 for adolescent mothers

to identify those young women who had a subsequent (unwanted) pregnancy and

compare them with matched controls who did not experience a subsequent pregnancy.

This study will include about 90 cases and an equivalent number of controls

matched by race and age, and will consist primarily of data collected during

the first pregnancy and at the four-week postpartum visit. The data available

about mother, father and pregnancy should include for each pregnancy demographic,

educational and family background variables, contraceptive usage, amount of

prenatal educational, contraceptive prescribed postpartum, etc. They should

provide: (1) a broad and complete picture of the problem among these urban

adolescents; (2) gross indicators of risk of repeated pregnancy; and (3) out-

come of subsequent pregnancy.

Significance to Biomedical Research and Program of the Institute: This research,

requested under RFP 78-8 relating to "the determinants of adolescent pregnancy

and childbearing", is central to the program of the Center and is highly

relevant to departmental initiatives and to Congressional interest in this

area. The project's considerable value lies in the study of a segment of the

population that creates hardships for themselves and society—adolescents with

repeat pregnancies. It could lead to predictive data about individual character-

istics as well as the identification of structural sources of repeat pregnancy

for which immediate solutions can be devised.

Proposed Course: This project is scheduled to get underway in FY 78 and to be

completed in FY 79.
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Contract Title : Determinants of Adolescent Sexuality, Contraceptive Use, and
Pregnancy Resolution
NOl-HD-82839
Transnational Family Research Institute »
$83,000 (Est. 1978)'

Contract Number
Contractor
Money Allocated

Objectives: The purpose is to explore factors influencing sexual behavior,
contraceptive usage and pregnancy resolution among sexually active black urban
adolescent men and women under age 18. Experienced peer counselors in six high
schools in Washington, D.C. will be queried about their observations with
sexually active students, particularly males. Topics to be explored include:

(1) sex education; (2) parental influence and home environment; (3) peer pres-
sure; (4) media influence; (5) characteristics of the couple relationship; and

(6) academic achievement, career aspirations and perceived job opportunities.
Also to be explored are reasons for using available family planning services,
carrying an unintended pregnancy to term or seeking an abortion, marriage, and
keeping an out-of-wedlock child or placing it for adoption. The main criterion
in selecting topics will be to include only those to which peer counselors can

respond on the basis of their observations of peers.

Significance to Biomedical Research and Program of the Institute: This rese^^ h

will contribute to our understanding of contraceptive practice among adolescelics.

The increasing sexual activity among adolescents and the frequently poor use of

contraceptives make this a topic of considerable significance.

Proposed Course: This one-year project will begin in FY 78.

e
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Contract Title : Sociosexual Development in Black Adolescents within the

Family Context: A Longitudinal Study
NOl-HD-82840
Howard University Hospital
$112,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives

:

The purpose is to explore the effects of psychological adjustment,

sexual knowledge and attitudes, family interaction, moral and ethnical reasoning,

socio-economic status and environmental impact on sexual behavior. The project

involves a five-year longitudinal study of 160 black early adolescents and their

parents. Periodic medical examinations, unstructured interviews using a variety
of stimulus materials, and videotaping of family interaction will be used.

Participants will be a volunteer non-responsive sample of healthy 10-year-olds
from low and middle income families, evenly split male and female. Test mater-
ials (pictures, incomplete stories and simulated taped conversations) will be

developed. Some family interaction observations will be made.

Significance to Biomedical Research and Program of the Institute: This study
addresses the social and physiological changes around adolescence relating to

a sexual development. Concern about adolescent sexual and reproductive behavior
is shared by biomedical and social scientists. This proposal addresses a

critical junctive of the two fields on an issue of considerable importance.

Proposed Course: This project will begin in FY 78.
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Contract Title : An Analysis of the Determinants of Adolescent Pregnancy
and Childbearing
NOl-HD-82841
Mathematica Policy Research, Inc. M
$79,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives: The purpose is to develop and estimate a model of adolescent
fertility which incorporates the interdependencies among teenage sexual
experiences, contraceptive use, pregnancy and childbearing. The analysis
proposed will include two parts: (1) an analysis of the social, economic and
biological determinants of the decision to engage in sexual activity, use of

contraceptives, probabiligy of pregnancy and the outcome of pregnancy; and
(2) an increment-decrement life table analysis based on the empirical results
from part 1. The data to be used for both parts 1 and 2 come from the 1971
Kantner and Zelnik study of teenage sexuality and fertility.

Significance to Biomedical Research and Program of the Institute: Adolescent
pregnancy and childbearing is a topic of concern for biomedical researchers
and social scientists since the effects of early reproduction are felt in
both arenas. This project will address the role of biological and social
factors relating to key reproductive events. ^

Proposed Course: This two-year project was begun in FY 78.
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Contract Title : Contraceptive Use-Effectiveness: The Fit Between User and

Method Characteristics
NOl-HD-82842
Claremont Graduate School
$50,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives

:

An intensive archival study of current and past contraceptive
clinic records will be undertaken to investigate the use-effectiveness of

various contraceptive methods for specific subgroups of the teenage clinic
population (racial and ethnic, socioeconomic, and educational) on the relation-
ship between method characteristics and user characteristics (including person-
ality and KAP data) in determining success or failure in contraception. The

data set covers 800 teenage contraceptors (i.e., 500 from the investigators'
most recent study plus about 300 adolescents out of the 630 subjects in a

sample of new birth control patients in four Los Angeles suburban area Planned
Parenthood clinics funded by Center for Population Research grant HD08074). The
teenage clinic participants were given extensive personality tests, KAP (know-

ledge, attitudes, and practice) questionnaires and interviews at clinic intake

and were followed for three years. One-seventh became pregnant, and others

dropped out, changed method, or had various contraceptive use-effectiveness
outcomes. Use effectiveness outcome variables other than unwanted pregnancy
(i.e., explicit discontinuation of contraception, clinic drop-out, method
changes, and side effects) will be related to earlier personality, knowledge
and attitude measures to determine the degree to which prior knowledge,
attitudes, and personal characteristics influence later use-effectiveness of

contraception. Theoretical relationships to particular methods have already
been established.

Significance to Biomedical Research and Program of the Institute: This research,
requested under RFP 78-8 relating to "the determinants of adolescent pregnancy
and childbearing" , is central to the program of the Center and is highly
relevant to departmental initiatives and to Congressional interest in this area.

It has direct and immediate applications at the service delivery level and
should give us a valuable start (but not parameters) in an area on which we
know very little.

Proposed Course: This project is scheduled to get underway in FY 78 and to

be completed in FY 80.
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Policy Determinants of Teenage Childbearing
NOl-HD-82843
The Urban Institute
$97,000 (Est. 1978)

Obj ectives

:

The purpose is to assess the relationship of various state and

federal programs to teenage childbearing. The programs presumed to have a

direct effect are family planning services, abortion availability, age of

consent laws concerning contraception and abortion, Medicaid coverage of

abortion, welfare benefit levels and acceptance rates, coverage of unborn
children and unemployed fathers under welfare programs, and benefit levels

in food stamp and Medicaid programs. Indirect policy influences include local
unemployment rates, female wages, and educational opportunities. State infor-
mation on these programs and policies will be added to the 1976 public use

tape of the Survey of Income and Education (SIE). This survey provides data
on fertility, demographic, and family characteristics of an estimated 30,000
females aged 14 to 19. Two sets of analyses are proposed: (1) characteristics
of individual females, plus state-level policy and control variables, will be

regressed on whether a female aged 14 to 19 has a child under one year of age;

and (2) state-level policy variables plus state-level control variables will
be regressed in teenage fertility rates in each state. jp^

Significance to Biomedical Resaerch and Program of the Institute: This research
addresses a topic of considerable importance and interest in both biomedical
and social science arenas —adolescent reproduction. Specifically, the

influence of health policies (medicaid coverage, abortion availability, etc.)

will be assessed.

Proposed Course: This 18-month project will begin in FY 78.
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Contract Title : Exploration of the Effects of Organized Family Planning
Programs in the United States on Adolescent Fertility
NOl-HD-82844

The Alan Guttmacher Institute
$71,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives

:

Using extant data from a variety of sources, this study will assess
the impact of family planning clinic programs in the United States on adolescent
(15-19 years of age) fertility of both black and white women. A variety of

measures of social, demographic and family planning service characteristics
will be compiled for Statistical Analysis Units (counties or clusters of coun-
ties) and then subjected to multivariate techniques of analysis to answer two

principal questions: (a) what is the association between the level of teenage
fertility and the availability and teenage utilization of family planning clinic
services, and (b) what is the association between changes in the availability
and teenage utilization of family planning clinic services and changes in the
level of teenage fertility in the period 1970-76? The multivariate analysis
will seek to control a wide range of other determinants of the level of

teenage fertility and of the impact of abortion and private physician services
as alternative family planning elements. Data sources include: (1) county-
level data from special tabulations of the 1970 Census to provide 1970 fertility
rates for women 15-19 by race as well as family planning program data for 1969
and socioeconomic and demographic control variables for 1970; and (2) newly
available data for 1975 and 1976. This study is largely an extension of an
earlier project (Outright and Jaffe) sponsored by the Alan Guttmacher Institute
and supported by the Center for Population Research, NICHD, under Contract
NOl-HD-32722. Results were published in Impact of Family Planning Programs
on Fertility: The U.S. Experience (Praeger, 1977, 150p.).

Significance to Biomedical Research and Program of the Institute: This research,
requested under RFP 78-8 relating to "the determinants of adolescent pregnancy
and childbearing" , is central to the program of the Center. While the study is

essentially an evaluation of family planning clinic services to teenagers, and
thus highly focused on one determinant of adolescent fertility, it is of

importance for the policymaker and program expert to answer the general question
of whether differential availability of and enrollment in organized family
planning programs offering highly effective medical methods of contraception
to teenage women had a measurable impact on their fertility. The study design
should provide indirect evidence of the impact of family planning clinic
services by presenting areal or ecological relationships between the variables.

Proposed Course: This project is scheduled to get underway in FY 78 and to be
completed in FY 80.
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Contract and Collaborative Research

Psychosocial Determinants of Adolescent Contraceptive Use

NOl-HD-82847
The George Washington University
$33,000 (Est. 1978) r

Objectives

:

This research is an attempt to identify psychosocial and other

determinants of adolescent sexual activity, contraceptive use and pregnancy.

The psychosocial factors include a number of sex- and contraceptive-related
attitudes, sex and contraceptive knowledge, social experience, personality

traits, social and environmental pressures, future aspirations and prior history

of sexual experience. An American Public Health Association (APHA) survey of

835 16-18-year old males and females, containing rich and detailed psychosocial

information, will be used. Also available for analysis is 30-month longitudinal

information on a sub-sample of about 200 of the original respondeats. The

longitudinal sample can be used to trace causal relationships between psycho-

social factors and fertility-related behavior. Since males as well as females

are included, the role of psycho-social factors on parenthood can be compared

for the two sexes. Analysis will be undertaken through three inter-related
phases focusing on the psycho-social determinants of, respectively: (1) sexual

behavior, (2) contraceptive behavior, and (3) pregnancy. Demographic and social

class data will be examined for their moderating effects on these major rela^_ n-

ships.

Significance to Biomedical Research and Program of the Institute: This research,

requested under RFP 78-8 relating to "the determinants of adolescent pregnancy

and childbearing" , is central to the program of the Center. It is an attempt

to give us a good, first look at factors w.j know little about, e.g., whether a

person feels that lack of access to contraceptive services is a problem. Two

outputs—ability to assess causal relationships in a longitudinal framework and

parallel analysis for male and female teenagers—make this project original and

potentially very useful for purposes of public policy. The resulting analyses

will be examined for findings relevant to the formulation of policy and inter-

vention strategies aimed at enhancing adolescent contraceptive behavior.

Proposed Course: This project is scheduled to get underway in FY 78 and to be

completed in FY 79.
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Contract Title : Determinants of Fertility Behavior Among U.S. Females
Aged 15-19, 1971 and 1976
NOl-HD-82848
The Johns Hopkins University
$111,000 (Est. 1978)

Contract Number
Contractor
Money Allocated

Objectives: The purpose is to analyze the relationship of various facets of
reproductive behavior to several clusters of background and contextual variables
which are believed to have a determining influence. These variables include:
family background, relative influence of parents and peers, religion, residence,
and residency history, future orientations relevant to marriage, childbearing

,

education and career, perception of normative situations regarding illegitimacy
and abortion, selected situational variables such as employment, social life
and dating behavior.

Data to be used for this analysis come from two national surveys conducted five
years apart in 1971 and 1976, These surveys, funded through a grant from NICHD,
include information on sexual activity, use of contraception, pregnancy and
the resolution of pregnancy. Each of these aspects of behavior which can be
treated as a dependent variable will be dealt with in finer detail in the
analysis. The analysis will take the form of two-way cross tabulations control-
ling for race, and measures of direction of relationship, and test of signifi-
cance. Multivariate procedures will also be used and the relationships among
the independent variables will be assessed to determine the extent of collin-
earity. Regression analysis and path analysis will be used to estimate the
strength of presumed causal sequences.

Significance to Biomedical Research and Program of the Institute: Adolescent
reproduction is a topic of concern to a broad spectrum of scientists as well
as the public and policymakers. This study is based on the best sources of data
for the U.S. as a whole, on this topic. This analysis assesses important
aspects of sexual and contraceptive behavior.

Proposed Course: This two-year project will begin in FY 78.
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Contract Title

Contract Number
Contractor
Money Allocated

• NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

; Social and Cognitive Development of Only and First Born

Children
NOl-HD-82849
Educational Testing Service, Princeton, New Jersey

$95,000 (Est. 1978)

Objectives: Using existing data from a longitudinal study of children, their

mothers and mother-child interaction at 3, 12, 24, and 36 months of age for the

child, longitudinal and cross-sectional analyses will contrast behaviors and

cognitive levels of only and first boms at four ages; will measure the impact

of acquiring a sibling at two ages (before or after 24 months of age) ; and will

contrast planned and unplanned children on the measures taken. In addition,

the decision to have a second child will be examined from the perspective of

the mother's locus of control, femininity, concept of ideal family size, and

quality of interaction with the first child.

Significance to Biomedical Research and Program of the Institute: This research

is relevant to the Institute's interests in the correlates and consequences of

fertility.

Proposed Course: This contract is expected to be negotiated in FY 78 and wil]^>

take two years to complete. "Z,
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Behavioral Sciences Branch
Contract and Collaborative Research

Contract Title

Contract Number
Contractor
Money Allocated

The Consequences of Remaining Childless or Having Only One

Child: An Analysis of Selected Outcomes for Husbands & Wives
N01-HD-82850
The Urban Institute
$92,000 (Est. 1978)

Objectives: The purpose of this study is to analyse the consequences of family

size, specifically zero and one-child families in relation to families with more

children. The issues to be addressed are: (1) economic well-being (income,

ratio of income and needs, assets, expenditures, debts); (2) time availability

(hours spent in the labor force, housework, childcare); (3) schooling, training

and experience (labor force experience acquired, education and training comple-

ted) ; (4) geographic mobility (moved within or across boundaries of various

types: counties, states, regions); (5) marital stability; and (6) health

(limitations on work or activities in general). The proposal includes seven

hypotheses to be tested. The analysis will be based on the Michigan Panel

Study of Income Dynamics, PSID. The PSID followed heads of families, wives

and their families over nine years, 1968 to 1976 inclusive and, while not

designed for this purpose, contains a wide array of information.

Significance to Biomedical Research and Program of the Institute: As increasing

numbers of couples are electing to have none or one child the consequences of

such behavior are of growing interest and concern. This study will assess both

the social and health consequences of very low fertility.

Proposed Course: This two-year project will begin in FY 78.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Center for Population Research
Population and Reproduction Grants Branch

Within the context of the mission of the Center for Population Research
(CPR), NICHD, the Population and Reproduction Grants Branch (PRGB) fac-
ilitates the acquisition and application of the knowledge required to

enable men and women to: 1) control their fertility; 2) free themselves 0^
from reproductive disease and disablement; 3) understand the antecedents
and consequences of population change; and 4) formulate judicious popu-
lation policies. The primary means by which such facilitation of the
CPR mission is accomplished by the PRGB is through the award of grants
for the support of research and training in the population and reproduc-
tive sciences. During the period from October 1, 1977 to September 30,

1978, the PRGB budget of approximately $40,400,000 was used to provide
grants and other forms of support for activities subsumed by the following
programs: 1) Fundamental Biomedical Research on Problems of Human and
Relevant Animal Reproduction; 2) Fundamental Behavioral-Social Research
on Reproductive Behavior and Population Change; 3) Institutional Programs
in Multidisciplinary Population Research; 4) Population Research Manpower
Development; and 5) Population Research Facilitation and Augmentation.

1. Fundamental Biomedical Research on Problems of Human and Relevant
Animal Reproduction

A. Fertility - Infertility ^
Regulation of Gene Action by Reproductive Hormones . One of the most
significant findings reported last year was the cloning of the oval-

bumin gene. In the ensuing year, the first determination of the

structure of a natural "reproductive" gene of higher animals was accomp-
lished. The estrogen-ovalbumin system of the chicken has proved to be
an excellent model for studying the regulation of gene action by hormones.
The steroid hormones induce the expression of egg proteins, including
ovalbumin, and the hormone probably acts at the DNA level through a

steroid receptor protein. The detailed molecular mechanism and details
of the specific siteCsl involved on the DNA are unknown. To attack this

problem, the sequencing of the messenger RNA of ovalbumin was undertaken.
It soon became clear that the coding sequences of the ovalbumin gene are

interrupted by inserted sequences or "introns". The same situation obtains
for other eukaryotic genes studied so far. This split gene organization
was unexpected and necessitated that an accurate sequence of the mRNA be

established to compare with gene sequences. An almost full length duplex <0

DNA copy of the mRNA was synthesized and isolated and subsequently cloned
in E_. coli plasmid pMB9 using the poly CA) poly (T) tailing method. Plas-
mids were screened for the size of the inserted sequence and the longest
clone (designated pOv 2301 containing approximately 1850 residues of

ovalbumin mRNA was selected for sequencing. The complete sequence of

ovalbumin mRNA is 1859 residues long, excluding its terminal 'cap' and
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poly (A). The region coding for ovalbumin is close to the 'cap' but is

separated from the poly CA) by an extensive 3' noncoding region of 637

nucleotides which may have no function that is precisely dependent on

its sequence.

Progesterone Receptors . Chick oviduct progesterone receptor (R) has

been purified by methods which preserve its in vivo form as a 6S AB

dimer consisting of two 4S subunits. It is hypothesized that subunit A
binds to DNA and subunit B binds to chromatin. The progesterone-receptor
complex CPR) was used to try to duplicate i^ vivo effects of progesterone
(P) in specific gene transcription (increased RNA synthesis) and to study
the role of PR subunit structure in this process. The results obtained
suggest a model of steroid hormone action which requires two hormone bind-

ing sites per functional R; one on the B 'specifier' subunit and one on

the A 'regulatory' subunit. The B subunit localizes the dimer at nuclear
acceptor sites via interactions with non-histone proteins and thereby

carries the A subunit to the neighborhood of responsive genes. The dimer

can then dissociate, liberating the A subunit, which after binding to DNA
effector sites, may regulate transcription of a hormone inducible gene.

Neuroendocrinology . The decapeptide luteinizing hormone releasing factor

CLRF) which stimulates the secretion of pituitary gonadotropins is neces-

sary for normal reproductive functions. Analogs have been developed which

have investigational, diagnostic and therapeutic potential. These include

more potent long acting compounds that mimic LRF (agonistsl and other

compounds that inhibit native LRF (antagonists) . Those analogs which are

hundreds of times more potent than LRF have been termed "super agonists".

They have higher receptor affinity, are resistant to degradation and hence

exhibit prolonged activity J^ vivo , can be solubilized in oil for depot

injections, are active when administered by various routes including intra-

nasally and orally, and are active in various species including human beings,

These super agonists have been studied in human beings and found to be power-

ful stimulators of gonadotropin secretion in both male and female subjects.

Preliminary data indicate that when administered during the late follicular

phase, they may induce ovulation and in men produce an increase in testos-

terone levels.

Advances continue to be made in our understanding of sexual differentia-

tion of the brain as it relates to the neuroendocrine control of gonado-

tropin secretion and sexual behavior. From studies utilizing discrete

lesions in the male or female rat, it appears that the preoptic area is

critically important for masculine sexual behavior in both sexes and for

ovulation in the female. Recently it has been found that there exists in

the rat a marked morphological sex difference. The medial preoptic nucleus

is some 8 fold larger in the male and this sex dimorphism is altered by the

neonatal steroid environment. It also appears that the process of sexual

differentiation may occur over a prolonged period of time, not restricted

just to the perinatal life.

Fertilization . The addition of the new highly sensitive technique of

freeze-fracture to the armamentarium of morphologists has enabled them

to examine changes in the fine structure of ova and sperm membranes at the
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abortion will return for another within a year. This urban population
had aborted 53% of all pregnancies. The appearance of health symptoms
and aesthetic displeasure contribute significantly to the discontinuance
of contraception.

Economic factors in fertility . Investigators have found support for a new
hypothesis that emphasizes the differential effect of family income changes
on period fertility due to changes in the earnings of husbands and wives.
The Easterlin hypothesis argues that a fall in the income of young men,
producing economic stress, will simultaneously reduce child bearing and
induce wives to enter the labor force. The newer hypothesis predicts
the same correlation between labor force participation and fertility,
but emphasizes the reverse direction of causation. The Easterlin hypo-
thesis predicts that the recent recession ought to have been associated
with declines in fertility. The more recent hypothesis reasons that a

slack labor market may also reduce the cost of children and may induce
counter cyclical movements in fertility. These investigators have also
generated information on the relationship between fertility and labor

force participation. They confirm past studies indicating that there

is a trade off between fertility and labor force participation of married
women. However, they argue that the data reject any one way causation
model between fertility and labor force decisions. Instead, they point
out that fertilityand labor force participation rates are jointly deter-
mined, but the cause of the joint movements is still somewhat unclear.
A related study has pointed out that the apparent trend toward increasing
occupational disadvantages of women may be reversed, but that genuine
equality in occupational opportunities and rewards for men and women may
still be more of a hope thana realistic prospect.

Family planning advisors and contraception . Seventy percent of a sample

of newlyweds in Mississippi were using all methods of contraception, but

not abortion. The pill, condom and douche were the most used. Considering
sources of family planning information acceptable to the newlyweds, the

physician was first, with public health clinics, nurses, and pharmacists
next in order. However, few had actually asked pharmacists about birth
control.

B. Population Change

Analyzing and understanding migration . Using microlongitudinal data to

analyze return migration, investigators discovered that there are differ-
ences between the short and long term return migrants. Short interval
return migrants are less educated and skilled, demonstrate lower personal
efficiency and ambition, and are prone to unemployment. Longer interval
returnees probably add more to the economic and social well being of their

destinations than do the short interval returnees. It is suggested that

the role of policy would be to strengthen the economic effectiveness of

initial moves, by improving information or supplying counseling. Such
measures may enable more migrants to attain the objectives that prompted
them to move and forestall rapid return migration. This may have relevance
for inner city minorities where these patterns of migration are apparent.
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time of fertilization. Structurally, membranes may be regarded as three
interdependent layers — an outer, carbohydrate rich stratum; an interior,
hydrophobic one which houses integral-protein-containing particles;
and an inner layer possibly associated with cytoplasmic proteins. Freeze
fracture is a method for discerning subtle alterations in the interior
layer of the membrane anteceding changes seen in the thin section of tissue.
Observations by several laboratories support concepts that sperm membranes
become receptive to union at particle-deficient interfaces and that the
physiologically-created barren areas in freeze-fracture replicas may herald
incipient membrane fusion. The applications of this technique to sperm as
they undergo physiological modifications before fertilization is proving to
have great heuristic value in understanding these events in reproduction.

Testis . There is a distinct physiological barrier composed of cellular
and structural elements which shields the interior of the seminiferous
tubules from plasma. One element is formed by the tight junctions be-
tween adjacent Sertoli cells which divide the cavity of the tubule into
two areas: the basal and adluminal. These junctions prevent large mole-
cules from penetrating to the interior of the tubules and they separate
spermatogenic cells into two classes depending upon their location in the
tubules. The establishment of the blood-testis barrier appears to coincide
with the initiation of spermatogenesis in most species studied (rat, monkey)
and effectively isolates the later stages of spermatogenesis from the inter-
stitial fluids. Alteration of the Sertoli complex junction by gonadotropins
is under investigation in a number of laboratories.

The testicular capsule, which has been considered an inert tissue devoid
of any real physiologic function, may well have a role in the transport
of non-motile sperm out of the testis to the epididymis where sperm attain
their motility. It has been shown that there is an increase in the contrac-
tion of the rat isolated testicular capsule to norepinephrine and PGA2 from
puberty to adulthood. This sudden increased response appears to coincide
with the onset of spermatids in the maturation phase of spermiogenesis at
50 days of age.

Ovary . Many hormones seem to exert their effects by increasing intra-
cellular cAMP levels. Gonadotropins, prostaglandin E, and catecholamines
are known to stimulate ovarian adenylyl cyclase and the responsiveness
of this enzyme system varies greatly depending on the physiological
state of the ovary. LH appears to first stimulate and then desensitize
the adenylyl cyclase system in mature ovarian follicles and in corpora
lutea. Preliminary studies in the rat show that prolactin is required
to be present for estrogen to protect the corpus luteum against desensi-
tization by LH and desensitization correlates with a lack of progesterone
production. How prolactin and similar factors affect ovarian responsive-
ness to gonadotropins remains poorly understood although it appears from
a number of laboratories that they also affect the cyclase system.

Steroidogenesis . Steroidogenesis has been studied with isolated granulosa
and thecal cells of human ovary, alone and in combination. Of note, in

contrast to other animals, is the ability of human granulosa to synthe-
size androgens, the ability of human theca to aromatize, and the failure
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of androgens to stimulate progesterone production with the human ovarian

cells. ^
A new lipoidal derivative of pregnenolone has been identified from bovine

adrenal cortical tissue and from gonadal tissue. In the adrenal, the

three forms of pregnenolone are present Cmicrogram/kg) : lipoidal deriva-

tive, 290, free steroid 435, and sulfate 65. Since the only known metabolic
function of pregnenolone is to serve as a precursor of the steroid hormones,

this finding has important implications for steroidal biochemistry.

B. Fertility Regulation

Ovary . Little is known about factors which control changes in the vascular

pattern of the ovary during the reproductive cycle. Blood vessels in the

ovary undergo rapid growth and involution following ovulation. The wreath

of capillaries surrounding the follicles is transformed as capillary sprouts

begin to grow into the granulosa cell layer to develop within 48 hours a new

complex network of sinusoidal vessels, induce luteinization, and later nourish

the corpus luteum. Recent work suggests that the corpus luteum may stimulate

the growth of its own blood vessels. The rabbit cornea was used to study the

host's angiogenic response to implants of follicles and corpora lutea. Only

the luteal tissue induced neovascularization evidently by a diffusable factor.

Preliminary data indicated that extract of corpora lutea is capable of stimu-

lating the proliferation of vascular endothelial cells maintained in vitro .

Such a factor which affects the proliferation of capillaries within the

ovary could have potential use in controlling the lifespan of the corpus

luteum and, possibly, lead to the development of new approaches to fertility^
regulation. *^

Folliculostatin . Progress continues to be made on ovarian follicular

"inhibin" or as it has recently been designated, folliculostatin, a

component of porcine follicular fluid which can specifically suppress

FSH secretion in the female animal. This possibly new hormone has been

partially characterized: it has a molecular weight greater than 10,000

daltons, is trypsin sensitive, and is present in higher concentrations

in small and medium size porcine follicules than in large ones. Fol-

liculostatin can suppress the primary proestrous surge of FSH, the

secondary prolonged FSH surge, and FSH hypersecretion in chronically

ovariectomized rats. At least one site of action of folliculostatin seems

to be the pituitary. Low doses will selectively inhibit FSH in cultured

pituitary cells: larger doses will inhibit both FSH and LH production.

Preliminary data suggest that folliculostatin is specific for FSH in male

animals. There appear to be some similarities between folliculostatin and

testicular inhibin, a polypeptide of greater than 10,000 daltons in molec-

ular weight which inhibits FSH in the male animal. Better understanding •
of the control of the development of the follicle and the ovum may lead

to more effective means of regulating fertility.

C. Nutrition and Reproduction

Fatty acid metabolism in testis . Vitamin E is an intrinsic requirement

for normal spermatogenesis in a number of species. Recent studies suggest
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that Vitamin E is required to regulate events determined in the developing
testis, but not expressed until active spermatogenesis occurs. It appears
to be required for the production of prostaglandins which in turn may function
as regulators of testicular function. Morphological studies indicate that
spermatid maturation and Sertoli cell function are influenced by Vitamin E
deficiency. The biosynthesis of PGFt parallels the differentiation of the
testis and the profile of synthetic activity is affected by Vitamin E. Im-
mature testis synthesizes primarily PGE2. How prostaglandins regulate bio-
logical activity is not known but PGE2 appears to mimic the action of the
gonadotropin FSH by activating the enzyme adenylate cyclase. Although PCs
have been known to occur in human semen, their presence in human testis has
not been documented until now. Evidence has been obtained for both prosta-
glandin synthetic and catabolic capacity of the human testis. The ratio
of PGF/PGE was similar to that observed in adult rat testis and more PGF
than PGE was synthesized.

D. Reproductive Diseases

Testis . Morphological studies on the human testis under normal and
pathological conditions are being pursued along with endocrine profiles
of the patients in order to better understand the normal process of
spermatogenesis. There are few ultrastructural studies of the human
testis and especially those of infertile men. Testicular biopsies from
more than 35 infertile patients are being examined in an ongoing study.
Preliminary data show a number of differences between testes of fertile
and infertile men, e.g., marked increases in the amount of cellular
filaments in the Sertoli cells of some of the latter group. This abnor-
mality may have significance for the normal function of the control of
spermatogenesis, and, hence, affect fertility.

2. Fundamental Behavioral-Social Research on Reproductive Behavior and
Population Changes

A. Behavioral-Social Aspects of Reproduction

Adolescent contraception and pregnancy outcomes . The continuing
comparative analysis of the 1976 and 1971 national surveys of adoles-
cent contraception and fertility throws light on contraceptive use,
pregnancy, and pregnancy outcomes. Between 1971 and 19-76 there was
an increase in premarital pregnancy similar to the growth in sexual
relations. In 1976, less whites resolved their pregnancy by marrying
than in 1971, while blacks showed no change. I-Jhites used abortion
considerably more to terminate their pregnancies in 1976 than in 1971;
otherwise, adolescent fertility would have been greater. While less
than 25% of the whites intended to become pregnant, only 19.% were
contracepting to prevent this. The data also suggest that there is
erratic, inconsistent use of oral contraceptives among those who
become pregnant. In studying the first intercourse of teenagers, it
was found that the majority did not plan for it; 25% of the females did
not even think about pregnancy prevention. IiHien the rate of illegitimacy
is calculated to take into account the risk of pregnancy, there is a marked
decline for blacks and a small decrease for whites by 1976. Adoption is
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little used, the adolescent mothers electing to keep their babies.
Another investigator found that the theory of the crisis model of the late

adolescent period is not supported, but that the rates of sexual experi-
mentation among adolescents are following an evolutionary rather than a

revolutionary pattern. The early findings of a study of college students
shows that 44% of males and 30% of females who had experienced intercourse
reported at least one pregnancy scare. The students use the pill and

condom the most. A large majority Cmale and female) express satisfaction

with the pill, while less than half are satisfied with the condom. Both

sexual and contraceptive behavior are enacted in an emotional rather than

moral context, suggesting that behavior and context may have changed in

the past ten years.

Value of children and motivation for parenthood . Additional reports from

a national survey of value of children indicate that the most widely held

values, such as affectional ties, stimulation and fun, and a sense of

fulfillment are not related to parity, and do not predict expectations

of more children. Two of the less commonly held values, the religious

value and the general economic utility of children, are positively
related to parity and, at higher parities, predict expectations of more

children. These values may be of importance in motivating parents to

have more than two children. A researcher has developed measures of

motivation for parenthood, finding them to be related to the occurrence

of pregnancy and the degree of contraceptive use. Researchers have shown

that the most likely adopters of the pill are (a) those with the lowest

demand for children, Cb) those with the highest potential fertility, and

(c) those with the highest costs of alternative techniques, which is con-

sonant with the economic theory of rationality. It has been reported that

increasing marital disruption exerted an important influence on recent

fertility declines. An investigator found that women who were afraid of

success were more likely to get married than those who were not, to have

more children, and to marry older men. Women who wanted no children were

more career oriented. They also saw career and motherhood as more in-

compatible.

Organization and practice of abortion . This study is attempting to

increase the depth of understanding of abortion services, facilities,

and providers, and is relevant to attempts to reduce abortions and in-

crease other approaches to fertility regulation. While 73% of Maryland

physicians approve the Supreme Court decisions on abortion, 43% of the

obstetrician-gyriecologists do not perform abortions, and limitations on

access to abortion are frequently imposed. Among physicians who do

abortions, 43% are disturbed by the procedure. The abortion patient's

ability to pay seems to be the most important variable affecting the

physician's level of involvement in her care; age and marital status

are also of importance. A researcher reports that women who have used

contraception are more likely to elect to have an abortion than those who

have not used it.

Among women obtaining an abortion in New York City, being white and never

married correlates with tending to have an induced abortion, especially

between the ages of 20 and 30. About six percent of women having an
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A study of Mexican-United States migration shows heavy rates of return
migration from U.S. border states. This suggests the strong economic
influence that the U.S. has on short term migration from Mexico. Greater
rates of U.S. employment growth significantly discourage out-migration
while stimulating in-migration. This tends to corroborate the hypothesis
that migration is heavily responsive to labor market conditions.

Population movement and school desegregation . An investigator found that
the degree of school desegregation in cities seems to be more closely
related to reproductive differentials of blacks and whites than to migra-
tory differentials. The migration data suggested that if there is white
flight, the amount is not producing any faster fleeing of whites from the
cities than has occurred in the past. Another study suggests that school
desegregation may have interacted with the general trend of suburbanization
to accelerate population movement. However, the stronger trend toward sub-
urbanization may be indicative of more active interurban residential mobi-
lity during the early 1970' s as well as of other factors not related to
school desegregation.

Population characteristics and urban management . In a pioneering study,
it was found that ethnic background is the most important factor explaining
demand for services. Black and Spanish-speaking persons request the most
services, but also most prefer tax cuts. Four factors consistently con-
tribute to high municipal fiscal strain: community population character-
istics (especially percentage poor), the range of services for which the
municipal government is responsible, municipal decision making, and delayed
capital outlays. Population size, population change from 1960-1974, and
city age were of little or no importance.

Urban density and pathology rates . A researcher carefully tested and, in
general, disproved the hypothesis that high density urban areas produce
pathological rates of crime, infant mortality, and general mortality. The
absence of family households with a concomitantly high proportion of house-
holds of unrelated individuals displayed the strongest relation to the
pathological rates, while poverty and minority group status show some
relationship.

Malthus revisited . Recent years have witnessed a growing debate over the
relevance of Malthusian thought to today's world. A recent economic study
tends to confirm the accuracy of Malthus' original theories. It supports
the view that population growth, in the absence of offsetting technological
advances, will reduce the standard of living. The study did find a devia-
tion from the Malthusian theory in that mortality played an active, rather
than a passive, role in altering the relationships between population and
economic growth.

3. Institutional Programs in Multidisciplinary Population Research.

The PRGB supports three types of Institutional Programs in Population
Research: Program Projects, Specialized Population Research Centers,
and Population Research Centers at leading institutions in the United
States. Support for these programs is provided to enable such insti-
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tutions to develop and to conduct population research programs involving
such disciplines and such critical masses of highly skilled scientists
as may be required for attacks on complex population problems that are
beyond solution by the single investigator working alone or in relative
isolation in his discipline. A total of 28 Institutional Programs were
supported during the period from October 1, 1977 to September 30, 1978.

A. Program Projects

The recipient institutions and principal research areas of the Program
Projects supported during the period from October 1976 to October 1978
are: 1) Columbia University - reproductive biochemistry relevant to

problems of human reproduction; 2) The Oregon Regional Primate Research
Center - factors which control fertilization in nonhuman primates; 3)

The University of Pennsylvania - biochemical and biological, events in
reproductive processes prior to implantation; 4) Harvard University -

reproductive biology and fertilization; 5; University of California
at San Diego - gametogenesis and reproductive biology; and 6) Univ-
ersity of Texas at Dallas - neuroendocrine and behavioral interre-
lationships.

B. Population Research Centers

The recipient institutions and principal research areas of Population
Research Centers supported during the same period are: 1) Vanderbilt
University - reproductive hormone actions and their molecular controls;
2) The University of Texas at Austin - population dynamics of minority
groups; 3) University of Wisconsin - demography and human ecology; 4)

The Johns Hopkins University - fertility in teenage women, reproductive
biology, and demography; 5) Baylor Medical College - mechanism of hormone
action; 6) University of North Carolina - behavioral-social population
problems; 7) Columbia University - steroid biochemistry and female
reproduction; 8) Princeton University - demography, population econ-
omics and statistics; 9} University of Pittsburgh - primate reproduction;
10) Harvard University - reproductive biology and human reproduction;
11) University of Washington - demography, fertility, and population
analyses; 12) University of Michigan - fertility, demography, and popu-
lation clustering; 13) University of Texas at San Antonio - reproductive
mechanisms; and 14) University of Pennsylvania - fertility, labor force,

and migration.

C. Specialized Population Research Centers

The recipient institution and principal research areas of the Specialized
Population Research Centers supported during the same period are: 1)

The University of Michigan - reproductive endocrinology from molecular
to physiological levels; 2) The University of Texas at Austin - control
mechanisms at molecular to organismic levels; 3) Case Western Reserve
University - reproductive biology of events from ovulation to implant-
ation; 4) University of Texas at Houston - male reproductive function;
5) Washington University - hormonal regulation of the reproductive
tract; 6) University of Washington - gamete transport in mammals; 7)
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Mayo Foundation - mechanism of action and molecular biology of repro-

ductive hormones; and 8) Salk Institute for Biological Studies - neuro-
endocrinology of reproduction.

4. Population Research Manpower Development

A. Institutional Fellowships

The Institute awards grants for maintenance of institutional environ-

ments for research training in the population sciences and for the

support of both predoctoral and postdoctoral trainees selected for

study in those environments. During fiscal year 1978, NICHD supported

33 population research training grants to 25 institutions. Of these

grants, 22 were awarded for research training in the biomedical sciences

related to reproduction and 11 for training in the behavioral-social
disciplines of the population sciences. A total of $2,496,000 was

activated for use in 1978 by the institutional recipients of research

training grants for the support of 182 trainees. Of these trainees,

131 (72%) were predoctoral and 51 (28%) were postdoctoral fellows. On

the predoctoral level, 87 students (65%) were receiving their training

in the behavioral-social disciplines and 44 (35%) in the biomedical
area. This is in contrast to the postdoctoral level where only 4

fellows (8%) receive training in the behavioral-social area while 47

fellows (92%) continue in the biomedical sciences.

B. Individual Postdoctoral Fellowships

In addition to institutional grants for research training, NICHD awards

postdoctoral fellowships to individuals for the support of their training

in population research. During fiscal year 1978, a total of $607,000 was

awarded to 44 postdoctoral scientists: 42 (91%) receive training in

the biomedical sciences related to reproduction and 4 (9%) receive

training in behavioral-social disciplines of the population sciences.

C. Research Career Programs

The Institute awards Research Career Development Awards (RCDA's) to

outstanding senior postdoctoral candidates to enable them to devote

full-time to the development of expertise in population research.

These awards provide up to $30,000 for salary to recipients for a

maximum of five years of support. CPR supported 2 existing Research

Career Awards to established investigators. Approximately $635,000 was

spent in fiscal year 1978 for the support of 19 RCDA's and 2 RCA's.

5. Population Research Facilitation and Augmentation

A. Conferences, Workshops, and Symposia

Conferences, workshops, and symposia are sponsored by PRGB, CPR to

facilitate the exploitation of new knowledge in critical areas of

population research and to facilitate the rapid dissemination of new

and significant information regarding the population sciences. The
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following meetings were, sponsored during the period from October 1,

1977 to September 30, 1978.

A symposium on "The Spermatozoon " was held in Woods Hole, Massachusetts,
May 1978. Organizers of the conference were Drs. D. W. Fawcett,
M. J. Bedford, and W. A. Sadler.

A workshop on "Ovarian Follicular and Corpus Luteum Function " was
held in Miami Beach, Florida, June 1978. Primary organizers were
Drs. Cornelia P. Channing and John Marsh.

The Annual Meeting of Directors of CPR-supported Population Research
Centers and Program Projects was held in New York City, New York, July
1978 and it was hosted by Dr. R. Vande Wiele, Columbia University.

B. Requests for Applications (RFA's)

Through the issuance of RFA's, the PRGB solicits applications for
research on population problems deemed to be of high priority or

special relevance to the CPR, NICHD. Last year PRGB issued 2 RFA's:
"Determinants of Adolescent Fertility" and "Human Infertility". Fifty-
seven applications were submitted in response to the adolescent ferti-
lity RFA and eight were funded in this fiscal year. Sixty-seven appli-
cations were submitted in response to the human infertility RFA and
seven were funded this year.
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CENTER FOR POPULATION RESEARCH

Index to Project Reports

Contraceptive Development Branch
Project # Title Page
0-2251 Large Scale Preparation of Purified Human

Chorionic Gonadotropin
0-2319 Development of a Laboratory Screening Procedure

for Inhibitors of Progesterone Synthesis
1-2228 Assay of Progesterone Receptor Activity in Guinea

Pig Uterus
1-2234 Contraceptive Development Studies for Males: Oral

Steroid Hormone Administration
2-2746 Biological Testing Facility for the Evaluation of

New Antif ertility Drugs and Devices
3-2729 Intrauterine Release of Estriol for Contraception
3-2738 Implantable Bio-Absorbable Capsules as Slow-

Release Contraceptive Drug Delivery Systems
3-2740 Systems Approach to Vaginal Delivery of

Contraceptive Drugs-Methodology and Mechanism for
Absorption

3-2741 A Study of the Use of Biodegradable Polymers for
the Sustained Delivery of Contraceptive Drugs

3-2745 ' Contraceptive Efficacy of Androgen-Estrogen
Polydimethylsiloxane Implants in Rhesus Monkeys

3-2774 Physiology of the Oviduct
3-2791 Detection of Ovulation in Chronically Instrumented

Animals
3-2794 Dynamics of Spermatogensis : Quantitative

Morphological and Physiological Characteristics of

Meiotic Cells
4-2802 Development and Evaluation of a Biodegradable

Drug Delivery System
4-2826 Studies on Sperm Transport Through the Cervix
4-2829 Biochemical Characteristics of Cervical Mucus of

Macaca Radiata (Bonnet Monkey) During Menstrual
Cycle

4-2838 Coordinated Approach to the Physicochemical
Characterization of Human Cervical Mucus

4-2839 Synthesis of Luteolytic Prostanoids
4-2846 Synthesis of Antifertility Compounds. Novel

Compounds Structurally Related to Steroids
4-2852 Development of an Intracervical Device
5-2810 Primate Testing Facility
5-2817 Development of a Long-Acting Injectable

Contraceptive
5-2844 Chemical Contraceptives for the Male and Female
5-2849 Detection of Ovulation by a Steroid Indicator
5-2857 Synthetic Chemical Facility
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Project # « Title Page
6-2651 Specific Immunization Against FSH as a Male

Contraceptive
6-2814 Chemical Contraceptives for the Male and Female
6-2815 Contraceptive Development Studies for Males:

Parenteral Testosterone Administration
6-2816 Clinical Evaluation of Testosterone Enanthate

for Induction of Reversible Azoospermia in the
Human Male

6-2817 Clinical Evaluation of Testosterone Enanthate
for Induction of Reversible Azoospermia in the
Human Male

6-2826 Evaluation of Two Methods of Natural Family-

Planning
6-2838 Clinical Investigation of Ethynyl Estradiol

as a Postcoital Contraceptive Agent
6-2840 Clinical Investigation of Ethynyl Estradiol

and Conjugated Equine Estrogens as Postcoital
Contraceptive Agents

6-2841 Synthesis and Testing of Antagonists of LHRH
as Ovulation Inhibitors

6-2842 Isolation and Purification of Rat Androgen
Binding Protein

6-2843 Potential Peptide Antagonists of LHRH as
Ovulation Inhibitors

6-2844 Peptide Antagonists of LHRH as Ovulation
Inhibitors

6-2846 Peptide Antagonists of LHRH as Ovulation
Inhibitors

6-2847 Development of Formulations for Improving
Efficacy of Orally Administered Natural Steroids

6-2848 Development of Formulations for Improving
Efficacy of Orally Administered Natural Steroids

6-2852 Luteolytic Agents: C-12 Substituted Analogs of PGF2ct
6-2853 Synthetic Steroid Contraceptive Agents
6-2854 The Synthesis of Progestational and Antipro-

gestational Agents with Enhanced Affinities
for the Progesterone Receptor Protein

6-2855 Synthesis of Contraceptive Agents
7-2816 Synthesis and Biological Testing of

Luteolytic Prostaglandin Analogs
7-2817 Abeio Steroids Contraceptive Agents
7-2818 Synthesis and Testing of Androgenic Agents

for Contraception
7-2824 Development and Testing of New Biodegradable

Drug Delivery Systems
7-2825 New Biodegradable Drug Delivery Systems
7-2826 Development and Testing of New Biodegradable

Drug Delivery Systems
7-2827 Development of Bio-erodable Contraceptive Implants
7-2828 The Synthesis and Testing of Polymeric Intravaginal

Contracep tives

222



Project # Title Page

7-2829 Development of a Radioinmunoassay for Rhesus

Monkey Luteinizing Hormone

7-2830 Development of Orally Active Sustained Release

Dosage Forms for Synthetic Steroids

7-2831 Development of Orally Active Dosage Forms for

Steroids
7-2832 Development of Orally Active Dosage Forms for

Steriods
7-2833 Development of Orally Active Dosage Forms for

Steroids
7-2835 Folliculogenesis in the Rhesus Monkey during

the Menstrual Cycle
7-2849 Development of Orally Active Dosage Forms for

Steroids
8-2808 Synthesis of Postovulatory Prostanoid

Antifertility Agents
8-2809 Synthesis and Biological Evaluation of Luteolytic

Agents
8-2810 Inhibition of Progesterone Biosynthesis and

Antiprogestational Agents

8-2811 Synthesis and Testing of Antiovulatory and

Postovulatory Agents

8-2814 Specific Immunization Against FSH as a Male

Contraceptive
8-2816 Synthesis and Testing of Male Contraceptive

Agents
8-2819 Synthesis and Testing of Analogs of LHRH as

Ovulation Inhibitors

8-2820 Peptide Antagonists of LHRH as Ovulation

Inhibitors
8-2821 Peptide Antagonists of LRF as Ovulation

Inhibitors
8-2822 Peptide Antagonists of LHRH as Ovulation

Inhibitors
8-2823 Synthetic Chemical Facility
8-2825 Analysis of Data from the Study of Correlation

of Cervical Mucus Changes with Serum Hormone

Levels
Synthesis and Testing of Progesterone Analogues

of Novel Structures with Potential Antifertility

Activities
Synthesis and Testing of Novel Steroids with

Potential Male Contraceptive Activity

Pharmacokinetics of Testosterone Enanthate in

Human Male
Clinical Investigation of a Polyurethane

Contraceptive Vaginal Sponge Containing a

Spermicidal Agent
Development and Testing of Vaginal Contraceptives
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Contraceptive Evaluation Branch i

Project # Title Page
Steroid Contraceptives—Cancer and Other Neoplasia
2-2725 Contraceptive Steriods in Beagles
2-2729 Central Repository for Tissue Evaluation of

Contraceptive Steroids
3-2705 Pharmacopathologic Effects of Medroxyprogesterone

Acetate (MPA) in Beagle Bitches
7-2813 Combining Data from Case-Control Studies of

(

the Relationship of Oral Contraceptive to
Breast Disease

8-2803 Case-Control Study of the Relative Risk of
Malignant Melanoma of the Skin Among Women
on Contraceptive Steroids

8-2804 Case-Control Study of the Relative Risk of

Malignant Melonoma of the Skin Among Women
on Contraceptive Steroids

7-2834 Secondary Amenorrhea, Pituitary Adenoma and
Oral Contraceptives - Data Coordination

Steroid Contraceptive—Heart Disease, Hypertension, and
Thromboembolic Disease
5-2830 Effects of Contraceptive Steroids on Blood

Pressure
5-2831 Effect of Contraceptive Steroids on Blood

Pressure
5-2832 Effects of Contraceptive Steroids on Blood

Pressure
6-2808 Deaths from Myocardial Infarction and the Role

of Oral Contraceptives
6-2849 Case-Control Study of Myocardial Infarction in

Young Women with Special Reference to the Role
of Oral Contraceptives

6-2861 Case-Control Study of Hypertensive Oral Contra-
ceptive Users with Special Reference to Contra-
ceptive Steroid Blood Levels

7-2804 The Effect of Oral Contaceptives on Idiopathic
Venous Thrombosis: A Study of Antithrombin HI and
Fibrinolysis

Metabolic and Nutritional Disorders
2-2782 Effects of Oral Contraceptives on Vitamin B6

Nutrition
2-2728 Nutrition Surveys on Users of Oral Contraceptives
2-2788 and Controls in Galveston, New Orleans and
2-2786 Detroit
4-2862 Effects of Oral Contraceptives on Folic Acid

Metabolism
6-2835 Effects of Contraceptive Steroids on Trace

Elements
8-2818 Relative Risk of Diabetes in Users of Steroid

Contraceptives
Walnut Creek
3-2710 Contraceptive Drug Study
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Projects #

Vasectomy Projects
2-2770
2-2776
3-2717
3-2757

Title Page

3-2759
4-2866

5-2834
5-2841
5-2842
6-2807
7-2801
7-2802
7-2803
8-2827

Effects of Vasectomy on Testis and Epididymis
Endocrine Changes in Vasectomized Men
Immunopathologic Consequences of Vasectomy
use Collaborative Study of the Effects of
Vasectomy
Immune Alterations Associated with Vasectomy
Long-Term Effects of Vasectomy in the Rhesus
Monkey
Sperm Immunology
Immunologic Studies of Vasectomy
Immunologic Studies of Vasectomy
Health Status of American Men

Effect of Bilateral Vasectomy on the Progression
and Regression of Atherosclerosis in Macaca
f ascicularis

Birth Defects Associated with Contraceptive Practices
4-2845 Effects of Contraceptive Agents, Related Methods

and Procedures and Frequency of Birth Defects
4-2850 Level of Risk of Female and Male Offspring of

Mothers Exposed to Ingestion of Diethystilbestrol
During Pregnancy

4-2853 The Effect of Oral and Other Contraceptives on
Congential Abnormalities and Outcome of Pregnancy

4-2861 Prospective Study of the Effects of Contraceptive
Agents, Related Methods and Procedures on the
Frequency of Birth Defects

5-2800 Methods of Contraception, Pregnancy Tests, and
Congenital Malformations, and Epidemiological
Study

5-2801 Contraceptive Agents and Birth Defects
5-2802 Evaluation of the Effects of Contraceptive

Agents, Related Methods and Procedures and
Frequency of Birth Defects

6-2800 Maternal Factors in Birth Defects
Pathogenetic Mechanisms
1-2297 Metabolism of Steroidal Oral Contraceptives
2-2730 A Comparative Study of Progestin Metabolism

and Mechanism of Action
2-2773 Comparative Pharmacology of Steroid Contra-

ceptive Drugs
Serious Hazards of lUD Use
5-2852 Survey of Womens' Health and Birth Control Methods
7-2811
6-2806
7-2807
6-2804
6-2809
7-2808
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Project # Title Pagei
7-2809 Survey, of Womens ' Health and Birth Control Methods ^
7_9Q1 O M Tl I! n n II II II

A-.9ftOS " " " " ** " " "

y_2Qin " " " " " " II II

Effects of Induced Abortions on Subsequent Pregnancies
6-2801 Effects of Induced Abortion on Subsequent Repro-

ductive Function and Pregnancy Outcome in Hawaii
6-2802 A Prospective Study of the Effects of Induced i

Abortion on Subsequent Reproductive Function
'

6-2803 Prospective Study of the Outcome of Pregnancy
Following Induced Abortion

Behavioral Sciences Branch
1-2138 Support of Bibliographic Preparation of

Population Index
2-2052 A Study of Optimum Population Levels
4-2803 The Effect of Birth Order on Mother-Child

Relationships
4-2804 On the Consequences of Reproduction: A Utility

Model of Reproductive Behavior
4-2844 Age at Marriage and Time to First Birth: A

Longitudinal Study of Parental Attitudes and
Children's Personality

5-2807 A Study of Couples' Motivations for Parenthood,
Decision-Making, and Fertility Regulation

5-2819 A Longitudinal Study of Intended and Actual '

Fertility: The 1975 National Fertility Study
5-2835 The Impact of Childbearing and Spacing Patterns on

the Health of the Mother and the Development of the
Child in an Urban Population

5-2836 Research on the Consequences of Childbearing and
Childspacing Patterns

5-2837 An Economic Analysis of the Consequences of Child
Spacing and Related Fertility Behavior

5-2838 Analyses of Relationships Between Fertility,
Marriage Dissolution, and Remarriage

5-2840 Research on the Consequences of Childbearing and
Childspacing Patterns for Parents

3-2799 A Study of Low Fertility Cohorts in the United
6-2818 States
2-2707 Development of Technology and Training Program
6-2828 for Assessing Unit Record Data Files
6-2829 The Consequences of Early Childbearing: An

Analysis of Selected Parental Outcomes Using
Two Longitudinal Data Sets

6-2833 Alienation and Fertility Control in the Early
Years of Marriage

6-2834 Fertility Values and Family Growth
6-2836 The Social and Demographic Consequences of

Teenage Childbearing for Urban Women
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Project # Title
6-2858 Sequelae to Teenage Pregnancy
6-2859 Research on the Consequences of Adolescent Pregnancy

and Childbearing
6-2860 Effects of Adolescent Pregnancy on Mother-Infant

Relationships: A Transactional Model
7-1028 A Proposal to Collect Child Care Information Via

The June 1977 CPS

7-2805 The Intellectual and Behavioral Status of Children
Born to Adolescent Mothers

7-2806 Economic, Social and Psychological Consequences
of Teenage Childbearing

7-2815 A Study of Resource & Environmental Consequences
of Population Growth

7-2819 Consequences of Late Adolescent Childbearing in

the Early 1970 's

7-2820 Long-Term Consequences for Children of Adolescent
Childbearers: An Analysis of Project TALENT Data

7-2821 Consequences of Teenage Motherhood for Mother,
Child and Family in a Black Urban Community

7-2822 Early Childbearing and Kinship Relations
7-2823 Relations Between Teenage Pregnancy and Neonatal

Behavior
8-2801 A Continuing Study of Childlessness and One-Child

Families
8-2802 Survey Research on Childlessness & the One-child

Family
8-2806 How Monther's Age and Circumstances Affect

Children
8-2816 The Consequences of Family Structure and Maternal

State for Child and Mother's Development
8-2831 Psychological Factors and Fertility Regulation

in Women: Data Analysis
8-2832 American Attitudes Toward Abortion
8-2833 Psychological Factors Associated with Fertility

Regulation: A Comparison of Pregnant and
Non-Pregnant Adolescents

8-2834 A Multifaceted Analysis of Abortion as a Social

Issue in the United States, 1965-1978
8-2835 A Proposal to Investigate the Determinants of

Variations in U.S. Fertility Trends 1940-1975

8-2836 Adolescents' Use of Information about Conception
and Contraception

8-2837 Adolescents' Perspectives on the Health Care

Systems: A Determinant of Fertility
8-2838 Research on the Determinants of Repeated Adolescent

Pregnancy and Childbearing
8-2839 Determinants of Adolescent Sexuality, Contraceptive

Use, and Pregnancy Resolution
8-2840 Sociosexual Development in Black Adolescents within

the Family Context: A Longitudinal Study

Page
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Project #
- Title Page

8-2841 An Analysis of the Determinants of Adolescent
Pregnancy and Childbearing

8-2842 Contraceptive Use-Effectiveness; The Fit
Between User and Method Characteristics

8-2843 Policy Determinants of Teenage Childbearing
8-2844 Exploration of the Effects of Organized

Family Planning Programs in the United States
on Adolescent Fertility

8-2847 Psychosocial Determinants of Adolescent
Contraceptive Use

8-2848 Determinants of Fertility Behavior Among U.S.
Females Aged 15-19, 1971 and 1976

8-2849 Social and Cognitive Development of Only and
First Born Children

8-2850 The Consequences of Remaining Childless or
Having Only One Child: An Analysis of Selected
Outcomes for Husbands & Wives
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NICHD Annual Report
October 1, 1977 through September 30, 1978

Office of the Director, Center for Research
for Mothers and Children

The Institute's Center for Research for Mothers and Children (CRMC) continued
to fulfill its responsibility for supporting research on the major problems
in pregnancy and infancy, developmental biology and nutrition, human learning
and behavior, and mental retardation and developmental disabilities. Research
continues to focus on the health problems of pregnant women, the fetus, and
the infant and child through adolescence with special emphasis on high risk
pregnancy, congenital anomalies, the sudden infant death syndrome, learning
disorders, nutrition, and mental retardation. In addition, a special mandate
was given to the Institute by the Office of the Secretary as part of the

Secretary's campaign against cigarette smoking. The Institute sought the

advice of a number of outstanding scientists and on April 14, 1978, issued
a Request for Research Grant Applications entitled "Health Promotion and
Prevention of Smoking and Other Behaviors Detrimental to Health." Two
deadlines were specified (July 1 and November 1, 19 78,) and prior to the

first of these, 15 applications had been submitted requesting support
totaling more than $4 million. These applications together with those that

meet the November 1 deadline will be reviewed during FY 1979. In addition,
the Institute in the very near future will announce a request for contract
proposals in certain limited aspects of the Secretary's initiative on smoking.

The Center has continued its emphasis on the Development of the Major Research
Program (MRP), the major goals of which continue to be the promotion of multi-
disciplinary research focusing on the health of pregnant women, infants, and

children. Original plans called for the eventual establishment of 12 MRP's

and we are pleased to report that during the year 6 received final approval
and were funded. One at the University of Texas Health Science Center deals

with the initiation of human labor: prevention of prematurity; one at Case
Western Reserve University is concerned with disordered fetal metabolism:
antenatal intervention; a third at Northwestern University focuses on

diabetes in pregnancy: the fourth at the University of Maryland studies
biological and psychological aspects of SIDS; the fifth at Brown University
deals with diabetes in pregnancy: effects on mother and her offspring; and

the sixth at the University of New Mexico is concerned with physiologic
and developmental mechanisms in diabetes.

All of the first group of approvals deal with pregnancy and/or early infancy;

thus they are fully responsive to the original intent behind the establishment
of the Major Research Programs. In order to ensure that future applications
will be similarly targeted, the Institute is preparing a new announcement
which will have the effect of maintaining this focus on the perinatal period
and the problems of pregnancy and early infancy.
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The Institute has for some time been sympathetic with the trend within the ^k
NIH to separate program management from the review of applications. As lon^
ago as June 1975, all NICHD Executive Secretaries were placed under the
administrative direction of the Deputy Director, NICHD, but they continued
to report to their program branch chiefs. During the late summer of 1977,
however, two of the CRMC Executive Secretaries (Dr. Nancy F. Russo and
Dr. Lyle L. Lloyd) resigned in order to accept attractive positions elsewhere.
Arrangements were made to have their replacements report exclusively to the
Deputy Director and not be members of the CRMC or any of its branches. ^
Dr. Jane Showacre accepted the responsibility for the Executive Secretary-
ship of the Mental Retardation Research Committee and Mr. Jehu C. Hunter
served as Executive Secretary of the Maternal and Child Health Research
Committee. When Mr. Hunter retired in June 1978, Dr. Showacre agreed to be
responsible for both committees until September 1, at which time Dr. Stanley
L. Slater, a psychiatrist formerly with the Intramural Program of the
National Institute of Mental Health, assumes the Executive Secretaryship of
the Mental Retardation Research Committee. Both Dr. Showacre and Dr. Slater
report only to the Deputy Director, but at the same time work very closely
with the CRMC branches. The transition has gone smoothly and the same high
quality of review that has always been characteristic of NICHD committees is
continuing.

Dr. Grace Yeni-Komshian left the CRMC in the late summer of 1977 to accept
an attractive position in academe. Dr. Artemis Simopoulos left the Center
in November 1977 to work full time on nutrition for the Director, NIH and
Dr. Oilman Grave was appointed to the position of Acting Branch Chief, ^
Developmental Biology and Nutrition. V
In June 1978, Dr. Jonathan T. Lanman resigned after two years as Director
of CRMC and Dr. Gilbert L. Woodside, Deputy Director, NICHD was appointed
Acting Director. A search committee has been appointed and will in the
near future recommend names to the Director, NICHD.

The Center was fortunate in being able to attract Dr. James F. Kavanagh to
the position of Associate Director, CRMC. In addition, he will continue to
serve as Acting Chief of the Human Learning and Behavior Branch while a new
Branch Chief is being sought. Fortunately Dr. Josephine D. Arasteh joined
that branch in November 1977.
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NICHD Annual Report
October 1, 1977 through September 30, 1978

Pregnancy and Infancy Branch
Center for Research for Mothers and Children

The objective of the Pregnancy and Infancy Branch is the promotion of a coor-
dinated program of research and research training to enhance advancement of

knowledge related to pregnancy and maternal health, embryonic development,
fetal growth, and infant well being. Program goals recognize the interrela-
tionships of specific health and developmental problems occurring in the
prenatal, perinatal, and infant periods of life and the effects that these
events may have upon development and well being of the child. Particularly
relevant are maternal health problems which affect fetal and infant health
status, problems with which the newly born infant must cope in adapting to
extrauterine life, and events occurring during the neonatal period which
can influence the development of the baby. Program interests also include
approaches to reducing this country's infant mortality rate, ameliorating
infant morbidity, and narrowing the gap between the identification of new
knowledge and its incorporation into the delivery of health care.

Branch supported research activities are concerned with the physiology of

pregnancy, disorders of pregnancy, placental function, immunologic phenomena,
lactation, developmental biology, processes of embryonic development and fetal
growth, antenatal and intrapartum diagnostic procedures, the process of labor
and delivery, and genetic, pharmacologic, toxic, and infectious influences
which can affect the pregnant woman and her fetus. Areas of research related
to the newborn infant include respiratory function, metabolic processes and
related problems, heat production and temperature regulation, immunology and
blood dyscrasias, infectious diseases, congenital malformations, and the
sudden infant death syndrome.

The Pregnancy and Infancy Branch is responsible for the administration of

approximately 38 percent of the Institute's Center for Research for Mothers
and Children extramural holdings, numbering 375 grants and contracts and
amounting to approximately 31 million dollars. An estimated 9 percent of
the Branch's total budget expenditures provide for training support in both
developmental biology and perinatology.

Branch activities revolve around six maternal-infant problem oriented health
areas: High Risk Pregnancies; Fetal Pathophysiology; Premature Labor and
Birth; Disorders of the Newborn; Congenital Malformations; and the Sudden
Infant Death Syndrome. Program holdings for each area appear in Table I.

An estimated sixty percent of the Branch's research project funds provide sup-
port for High Risk Pregnancies (23%), Fetal Pathophysiology (16%), and Dis-
orders of the Newborn areas (21%). Eighteen percent (18%) of funds are obli-
gated for study of Congenital Malformations, fifteen percent (15%) for research
specifically on the Sudden Infant Death Syndrome, and seven percent (7%)
to studies of Premature Labor and Birth.
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Research Accomplishments

Selected scientific accomplishments during FY 78 pertinent to the Branch's
six problem oriented health areas include the following:

Dr. C. H. Narayanan and his research group at the Louisiana State University,
New Orleans, Louisiana are studying the mechanisms for the development of the
complex structure of the vertebrate nervous system. Using transplantation and
other microsurgical techniques, they have clarified important features charac-
terizing early embryonic motility. In mammals reflex arches are completed at
the onset of motility, whereas chick embryos have a prereflexogenic period of
four days. Motility in rat fetuses begins around 15.5 days, and fetal movements
are much more frequent than uterine contractions (nearly 5 times); their respec-
tive periodicities are totally unrelated.

From studies on the regulation of ketone metabolism in newborn rats. Dr. Y.Y.
Yeh and his team at the St. Jude Children's Research Hospital at Memphis,
Tennessee discovered that the brains of developing rats have increased capaci-
ties to incorporate ketone bodies (KB) into energy and phospholipids. This
finding emphasizes the importance of KB for the growth and development of brain
and its essential function for postnatal development. Their findings have
elucidated some of the possible regulatory mechanisms of ketone production;
this could lead to means of maintaining a certain level of KB which may be
important to the survival of premature or small-f or-date infants.

Dr. L. H. Hoffman and associates at Vanderbilt University, Tennessee studied
the multiple factors involved in blastocyst interaction with the uterus and
resulting consequences for the maintenance of pregnancy in the rabbit. They
found that prostaglandin E^ is the most potent of the implant inducers and the
decidual tissue produced with this agent is comparable in quantity and quality
to that obtained in normal pregnancy. They also found that the apparent inhibi-
tion of prostaglandin (PG) synthesis was most critical at, or just before, the
time of blastocyst attachment; they consider this to be suggestive evidence
for a positive role of PC's in the implantation/decidualization process. In
addition, they found that indomethacin given during the preimplantation period,
and presumably acting through PG synthesis inhibition, has a major effect on
embryo development in the rabbit. These results are contributing to the eluci-
dation of basic problems in reproductive biology.

Dr. F.L. Siegel, University of Wisconsin, is investigating the mechanisms which
produce fever and the biological consequences of its occurrence. In the pregnant
guinea pig, daily exposure to temperatures of 43 degrees centigrade for one hour
on days 18-25 of gestation resulted in multiple congenital anomalies in the off-
spring. Hyperthermia for one hour each on days 3,4,5, and 6 on rat pups and
young guinea pigs and its effects on developmental landmarks of cellular pro-
cesses, hair growth, and spontaneous motor activity are being observed.

The mechanism of teratogenesis induced by heterologous antisera is being studied
by Dr. C.C. Leung and associates, at the University of Kansas. They found that
the teratogenic antigens isolated from rat kidney homogenate are glycoproteins
and the carbohydrate moieties of the antigens are important determinants for
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eliciting teratogenic 'antibodies. Their findings point to the possibility th^
a population of antibodies directed against the carbohydrate moieties of tera-
togenic antigens nay be a najor factor in inducing birth defects.

Dr. R. W. Winters Columbia University, New York, is studying the metabolic pro-
cesses of total parenteral nutrition (TPN) in infants. The optimal quantitative
intake of amino acids during TPN is being determined. They have developed a

rational method to design a more optimal amino acid mixture for such use. Th^^
physiologic effects resulting from providing nutrients solely by the intrave^^s
route have been elucidated. These studies will be beneficial to determine both
quantity and quality of protein intake.

Dr. P. C. Hoppe and his team at the Jackson Laboratory, Maine, have refined
techniques for embryo culture and gamete microsurgical manipulation and studied
the development of parthenogenetic activated mouse eggs. Their findings demon-
strate that homozygous mice can be microsurgically produced and can develop to
full-term. The technique can be used in the study of recessive lethal genes and
the conditions for their expression in diploid mice.

The establishment of circadian pattern of uterine activity and involvement of

both epinephrine and norepinephrine in the occurrence of spontaneous variations
have been demonstrated by Dr. G. M. Harbert of the University of Virginia.
This research team has found that circadian patterns are related to the direct
influence of adrenergic receptors within the uterus rather than to circulating
levels of norepinephrine or epinephrine. They observed a failure of beta
adrenergic blockade in abolishing the diurnal pattern of spontaneous uterine ^^
activity as well as a lack of effect by alpha or beta adrenergic blockers in

altering the course of labor. These findings cast doubt on the efficiency of
treating premature labor by beta-mimetic drugs. These findings are important for
the understanding and management of premature labor and uterine hyperactivity.

Dr. A.S. Yeager, Stanford University, California, is determining whether the

incidence of cytomegalovirus (CMV) infections acquired by newborns in associa-
tion with transfusion of blood can be decreased by the use of donors who have
no demonstrable antibody to CMV. A statistically significant increase in the
prevalence of CMV infection in transfused infants (25%) at 7 months of age as
compared to non-transfused infants (11%) has been reported. About one-third of
CMV infections in the transfused infants were acquired from a source other than
the mother. These data can be used to determine whether CMV can be transmitted
from CMV-Ab negative donors as measured by complement fixation and indirect
hemagglutination tests. These results are useful in clarifying the meaning
of CMV titers as they relate to past infection and the ability to harbor virus.

In studying the origins of chronic infections in pregnant women and their off
spring, Dr. E. H. Kass at Harvard Medical School, has provided a quantitative
basis for the culture of urine as a means to identify unsuspected infections
of the urinary tract. A dipslide technique was developed for the detection of

high colony counts which is considered the cheapest and most reliable method
for detecting bacteriuria on a large scale. Significant findings include the
role of bacteriuria in the genesis of hypertension, and further that essential
hypertension is an acquired disease of early childhood. ^^
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It has been suggested that group B streptococci may contribute directly to
the occurrence of spontaneous abortion, premature birth, stillbirth, and other
causes of maternal morbidity and fetal wastage. Dr. B.F. Anthony and his team
at the Harbor General Hospital, California, discovered a seasonal trend in
the prevalence rates of this infection in their surveillance studies. Studies
by Dr. Anthony can clarify patterns and factors influencing colonization during
pregnancy and the risks to mother and infant posed by the presence of group
B streptococci as well as the results of controlled trials of prophylactic
treatment with antibiotics.

From studies on diabetes in pregnancy. Dr. R.C. Tsang and his team at the Uni-
versity of Cincinnati, demonstrated for the first time that decreased bone
mineral content can be detected in premature infants by direct photon absorp-
tiometry. These investigators found that decreased calcium supplv and absorption
in the neonatal period compound or cause neonatal hypocalcemia and poor bone
mineralization in premature and high risk infants. In addition they showed
that decreased vitamin D supply and metabolic blocks in vitamin D metabolism
may relate to hypocalcemia or lead to bone demineralization of the infants
of diabetic mothers.

Estriol feedback on human chorionic gonadotropin (HCG) production was suggestedm earlier investigations, but no concrete evidence has been provided to support
Its existence. Dr. R.V. Haning and his research team at the Universitv of
Wisconsin, have demonstrated inhibition of HCG output by estradiol which en-
hances the theory of HCG control of estrogen production by the fetoplacental
unit. Therefore, the placental cell is controlling the production of estrogens
by the entire fetoplacental unit. These studies are highly pertinent to improve
medical care in human pregnancy. The investigators have developed a radiorecep-
tor method for HCG making it possible to generate quick assays to quantitate
HCG which will have clinical application.

Studies by Dr. T.T. Puck and his team at the University of Colorado, are devel-
oping usable genetic markers in mammalian somatic cells and identifying specific
cell surface structures. These investigators have pinpointed the genetic focus
of a specific enzyme on the extra human chromosome #21 found in Down Syndrome
patients. This finding promises to yield fundamental understanding about bio-
chemical lesions of this syndrome. Dr. Puck also has identified a new immuno-
genetic marker (a3) on chromosome //ll, which provides a new tool for the study
of genetic processes connected with specific cell surface recognition reactions.
This marker is found also on the surface of human cells. Studies concerned with
the antigens found in the surface of human cells showed that they exhibit tissue
specificity and this is applied to study biochemical genetics in normal develop-
mental processes and diseases involving changes in cell surfaces. A method is
being developed to permit rapid screening for these cell surface antigens on
cells taken from tissue biopsies, and to pursue studies of the development of
specific surface structures on cells of differentiating tissues. They have shown
that the level of cyclic AiMP in mammalian cells is related to the activity
of cell surface antigens with specific antisera. The finding may signify that
the cyclic AMP reaction appears to change the cell surface in such a way as
to affect the activity of specific structures.
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Dr. K. S, Hung, University of Kansas, studied the innervation and the effect'^-
vagotomy on the development of rabbit lungs. Dr. Hung discovered the innerva-
tion of the pulmonary alveoli showing association of both type I and type II

pneumocytes with nerves. A possible relationship was discovered between the

sensory axons found in the epithelium of the trachea and primary bronchi and the
mechano- and chemo-receptors associated with cough reflexes. The anatomical
locations and fine structures of the sensory receptors in the airways, the
nature of the motor nerves of the muscle around the airways and the pulmonar^^
blood vessels, and the control of the activities of the glands along the air^/s
in the rabbit are being examined in-depth. These structures are important in
determining airway resistance and regulation of blood flow of the lung.

Dr. T. J. Gill III at the University of Pittsburgh, Pennsylvania and his team
have completed studies in experimental animals on the prenatal transfer of anti-
gen and its effect on the immune capability of the fetus. They were able by
immunizing the mother to sensitize low responder offsprings and to induce partial
immunological tolerance in high-responder offsprings. They have demonstrated
that there is a cellular immune response in heterozygous pregnancies but not in
homozygous ones. This work seems to indicate that the immune response has a

favorable effect on reproductive capacity as expressed in litter size and weight
of offspring.

Major Research Programs

The Pregnancy and Infancy Branch also participated in the Institute's new initi-
ative in Major Research Program (MRP) activities. It currently has responsi-^P
bility for administration of five of the six NICHD's MRP's. These five MRP's,
located at University of Texas, Dallas, Texas; Brown University in Rhode Island;
Northwestern University, Illinois; Case Western Reserve University, Cleveland,
Ohio; and the University of Maryland, Baltimore, include one emphasizing the

prevention of prematurity through further study of the initiation of human labor,
three concerned with diabetes in pregnancy, and one directed at study of the bio-
logic and physiologic aspects of the sudden infant death syndrome (SIDS).

Dr. P.C. MacDonald and his colleagues at the University of Texas are pursuing
studies on the prevention of prematurity by examining the mechanisms involved
in the initiation of human labor. The rate of progesterone formation has been
found to be controlled primarily by the number of placental receptor sites
for low density lipoprotein and not by the maternal placental blood flow. This
finding has clarified the mechanism of progesterone biosynthesis by the tro-
phoblast and raised the possibility that the enzyme of the fetal membranes,
phospholipase A- possesses specificity. Progress has been made also in the

development of a new method for extracting fetal progesterone binding protein^k
from the human amnion without the necessity of homogenization of this tissue. a

order to monitor the effects of various regimens designed to prevent or to arrest
premature parturition, a placental clearance technique has been developed which
reflects maternal uteroplacental blood flow.

Dr. N. Freinkel and his research team at the Northwestern University Medical
School, Illinois are studying diabetes in pregnancy, specifically as it relates
to maternal-child welfare, preventive medicine, therapeutics, and proper clini^
cal management. These investigators found that "facilitated anabolism" during

236



pregnancy may be an antecedent of "accelerated starvation." The concept of

"accelerated starvation" signifies that the pregnant animal in late gestation
can start off from a different metabolic base-line whenever she eats. Her
tissues would contain more unesterified fatty acids, burning more fat, and
experiencing greater antecedent challenges to nitrogen reserves. Dr. Freinkel
suggested that the "normal" gestational prolongation of post-prandial hyper-
glycemia could reflect persistant maternal metabolism of fat with consequent
"irapedence" to glucose disposition. These investigators have observed acute
increases in plasma triglycerides in approximately 60% of normal pregnant
subjects immediately following ingestion of 100 grams of glucose. They feel
that this "carbohydrate induced triglyceridemia" constitutes another mechanism
for preempting ingested glucose from immediate oxidation.

To study the effects of diabetes mellitus on the pregnant woman and her
offspring, Dr. P.M. Galletti and his colleagues at Brown University, Rhode
Island have developed a new technique to study stable glucose kinetics. They
measured the isotopic composition of a gaseous sample relative to a standard
gas which will permit studies in small infants. In order to clarify apparent
discrepancies in the literature on the responsiveness of fat cells from ob/ob
mice to insulin, these investigators monitored total glucose utilization of
adipocytes from mice of various stages in response to a maximal dose of

insulin. Their results illustrate the surprising conclusion that white fat
cells from obese mice 12 weeks or older are markedly insulin resistant and
that cells from 4 weeks old ob/ob mice exhibit a tremendously increased respon-
siveness to insulin as compared to control fat cells. These findings will permit
a better understanding of the etiology of the obese hyperglycemic syndrome.

The MRP on disordered fetal metabolism antenatal intervention, under the direc-
tion of Dr. P. A. Adam at Case Western Reserve, focuses on aspects in which
a surfeit or deficiency of substrate supply in utero occurs, causing either
morbidity and death in the perinatal period, or aberrations of neurologic and
and cognitive outcome in later life. The MRP includes many aspects of research
and in its first year has advanced towards some of its important goals. Preg-
nancy and diabetes accelerates systemic glucose production by the mother in an
amount sufficient to account for the glucose utilization rate by the fetus in
utero . Gestational diabetes did not affect the production rate. This team
has shown also that the fetal glucose pool is in equilibrium with the maternal
pool, and that following a short maternal fast, ketone bodies are being con-
sumed by the fetus. It has been determined that newborn infants establish a

systemic glucose production by two hours of age, and a much lower rate is

observed in infants of insulin dependent diabetic mothers. The production rate
is stable in the first few days of life in normal newborns whereas in infants
of insulin dependent diabetic mothers, the production rate increases slightly.
The small for gestational age infants (SGA), in spite of low plasma glucose
concentration have rates of glucose production similar to normal controls. In

examining the metabolism of the LBW infant during parenteral alimentation, it

was determined that they are able to respond with a rise in plasma insulin con-
centration to intravenous (IV) glucose and amino acids but not to IV glucose
alone

.
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Dr. A. Steinschneider and his team at the University of Maryland, Baltimore (9.
have successfully developed the complex organizational structure to begin
data collection on the biologic and psychologic aspects of SIDS. Procedures
for an uniform identification code for all subjects and specimens are opera-
tional, and perinatal studies have began. Placentae have been examined since
January 1978 and saved for macro- and micro-morphometric studies. Micro-assay
procedures for spinal fluid studies, radioimmunoassay for secretory component
of respiratory and gastrointestinal secretions, and activity of several enzym^
from culture of skin fibroblasts and red blood cells (RBC) are established. V
Preliminary data indicate that orotidine monophosphate decarboxylase activity
in RBC's is related to postnatal age at time of death. Receptors on thymic
tissues have been examined, but results are not available as codes have not
been broken. The study to determine the psychobiologic impact of a SIDS death
on the nuclear family was initiated on four study groups, following the selec-
tion of the appropriate instruments necessary for collection of data.

Sudden Infant Death Syndrome

During FY 1978, the Pregnancy and Infancy Branch continued its efforts to

expand the Institute's sudden infant death syndrome (SIDS) program. This
program is a broadly based operation of research to understand the underlying
mechanisms of the syndrome, to determine its etiology, to identify infants at

risk, to explore preventive approaches, to inform the scientific and lay com-
munities about SIDS, and to stimulate scientists to direct their investigative
efforts to the solution of this complex biomedical problem. Support is provided
for SIDS interdisciplinary conferences and workshops, and scientific and publ^fc

information documents are prepared and distributed.

The Institute's seven SIDS research emphasis areas continue to receive major
investigative effort. These areas include: (1) developmental neurophysiology
with emphasis on sleep patterns and associated autonomic disturbances which may
interfere with vital functions; (2) respiratory, cardiac, and laryngeal responses
to specific stimuli; (3) metabolic, thermal, and endocrine factors; (4) perinatal
development of immune response mechanisms and infectious disease processes;

(5) psychological stresses experienced by parents and siblings when a sudden,
unexpected, and unexplained infant death occurs; (6) epidemiologic, environ-
mental, and genetic aspects, and (7) anatomic pathology.

As a result of Institute supported investigations of SIDS between 1972 and 1978,
there is a growing body of evidence that the victims of crib death are not com-
pletely healthy and their deaths not as inexplicable as once thought. Many of

these infants have subtle physiologic defects of a neurologic, cardiorespira-
tory, and/or metabolic nature. Moreover, the pathogenesis of the syndrome is^pt
through a single mechanism as previously believed. Instead, a number of deve^i>-
mental , environmental, and pathologic factors appear to be involved which under a

complex set of circumstances interact in such a way as to rapidly set up a se-
quence of events that produces a sudden, unexplained, and unexpected infant death.

Evidence that these infants have preexisting difficulties includes anatomic
pathologic findings suggestive of chronic stress and hypoxia; abnormalities in

sleep state, cardiorespiratory function, and tissue oxygen utilization; post-^^
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natal growth retardation; and the infant's temperament and behavioral patterns
between birth and death. Currently proposed etiologic mechanisms revolve around
interrelated infectious disease processes and developmental, pathophysiologic
metabolic, and environmental phenomena. A number of these are closely tied to
chronic stress and hypoxic states, while other mechanisms are concerned with
cardiac, respiratory, and metabolic abnormalities.

^S%Arnnn'''?J''^^^"^^^
supports 114 SIDS related research projects totalling

$9,648,000. This includes 44 primary SIDS grants and contracts funded at
$4,474,000 and 70 grants and contracts for subsidiary studies funded at
$5,174,000. Selected scientific accomplishments of the FY 78 SIDS research
effort are highlighted in the following paragraphs.

Dr. P. L. Ogra, State University of New York at Buffalo is investigating the
functional aspect of mucosal immunity in SIDS. These studies have demonstrated
that the secretory IgA levels in the SIDS bronchial tissues were half that
obtained m non-SIDS controls, and in some patients a decrease of the secretorv
component activity was found. Respiratory syncytial virus was regularly seen in
the SIDS subjects with the abnormal immunological findings raising the possi-
bility that SIDS may represent the outcome of an unusual infection in an immu-
nological altered host. Simultaneous studies in infants with a history of
apneic spells did not uncover immunologic abnormalities.

At Vanderbilt University, Nashville, Tennessee, Dr. M.T. Stahlman and her team
are studying the laryngeal chemoref lexes for apnea and swallowing to determine
if a relationship exists between recurrent apnea of the premature infant and
SIDS. They have shown that in newborn lambs the laryngeal chemoreflex is dose
response m type and that cardiovascular changes are an integral part of the
reflex. They have determined that the taste bud-like structures in the laryn-
geal region are the likely peripheral receptors for mediation of the reflex.
Preliminary studies in premature infants have established that a basic reflex
exists and that different responses occur to water or saline stimuli.

At the University of Washington, Dr. W. G. Guntheroth is examining the relation-
ship of hypoxia to SIDS in experimental animals. He is studying in infant
monkeys the sensitivity of CO 2 during REM and non-REM sleep, and the ventilatory
responses to inhaled CO2. He has observed that an unrelated stimulus to P,COo
drives ventilation in excess of the demands of CO2 chemoref lexes , and that
ventilation of CG2 response do not change with age. During non-REiM sleep, a
small but statistically significant decrease in ventilation followed CO2 stimu-
lation; this was not seen during REM sleep.

Dr. A. Frankfater at Loyola University of Chicago, is studying the biochemical
correlates of the autonomic innervation of the heart and the functional maturity
of the cardiorespiratory control mechanisms as they may relate to SIDS. Prelim-
inary studies measuring enzymes of catecholamine biosynthesis in postmortum human
brain stem and heart (L-Dopa decarboxylase, tyrosine hydroxylase) have resulted
in levels that are low and variable, with no significant differences between
tissues from SIDS and non SIDS victims. The assays were not sensitive enough to
measure minute amounts, and efforts are being made to improve the methodology for
measuring low levels of catecholamine.
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During 1978, based upon advances in knowledge made by its investigators, the
Institute undertook a cooperative epidemiologic case control study of SIDS risk
factors involving six data collection centers and one data coordinating center,
(New York City, Upstate New York, Chicago, St. Louis, San Francisco, and
Seattle). About 600 cases of SIDS, defined by a common necropsy protocol, will
be investigated. The purpose of this study is to focus on the development of

a risk prediction algorithm which can be applied in the first week of life.
Case-control comparisons for each factor studied will determine the extent oJ^
SIDS risk associated with the factor. It is anticipated that as a result of

this project it will be possible to identify high risk infants on the basis of

information available at birth and in the period shortly after birth.

The Branch issued one Request for Proposals (RFP), for the establishment of a

pathological processing laboratory to serve the Cooperative Epidemiologic Study
of SIDS Risk Factors. The Institute also contracted for the development of an
inexpensive prototype home-use instrument with capabilities for monitoring
specific physiologic functions found to be related to SIDS such as cardiorespi-
ratory function, motility, sleep, and cry. This instrument will be used in a

NICHD study which will build upon the findings of the Cooperative Epidemiologic
SIDS Risk Factors Study.

The Branch prepared Departmental testimony for the Sudden Infant Death Syndrome
Hearings held in February 1978 by the United States Senate Committee on Human
Resources. The hearings, chaired by Senator A. Cranston, assessed progress
being made by the Department in its sudden infant death syndrome effort under^
P.L. 93-270, The Sudden Infant Death Syndrome Act of 1974. ^
The 9th NICHD lecture on NEW RESEARCH PROSPECTIVES IN THE SUDDEN INFANT DEATH
SY!n"DROME entitled "An Evolution in Understanding in the Sudden Infant Death
Syndrome" was given by Dr. iMarie Valdes-Dapena . The purpose of these lectures
is to highlight recent research findings by sharing them with the scientific
community and the public.

The Branch Chief and Assistant Director, CRMC, continue to serve as co-chair-
persons of the DHEW Interdepartmental Panel on SIDS. This panel fosters commun-
ication among the member programs and coordinates federal activities related to

SIDS. They participated in several Office of Maternal and Child Health, Bureau
of Community Health Services sponsored SIDS activities, including the third
Conference on Counseling and Information Center Grantees.

Smoking in Pregnancy

The Branch is participating in the Department's initiative in the Health Cons/fJ^,
quences of Smoking . Staff attended an Institute planning meeting related to LiVe

impact of maternal smoking on fetal development, and plans a follow-up workshop
on this topic. Staff also assumed responsibility for the organization and prep-
aration of a manuscript updating current knowledge on the effects of smoking
during pregnancy upon infant well being. This document will be published as
part of the Surgeon General's report on the Health Consequences of Smoking.
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Conferences and Publications

During FY 78, the Branch provided partial support for the Perinatal Research
Society's Interdisciplinary Conference on Perinatology. It also sponsored
three research planning workshops: (1) SIDS: Near-Miss Infants; (2) Perinatal
Hypoxia: Antecedents, Mechanisms, Consequences; (3) Alpha-Fetoprotein. The

latter was co-sponsored with the Institute's DBN and MRDD Branches.

Branch Publications include:

Catz, C.S.; and Yaffee, S.J.: Problems in Perinatal Therapeutics in Aladjem S.,

and Brown, A.K. , editors: Perinatal Intensive Care . The C.V. Mosby Company,
Saint Louis 1977. p. 381-395.

Hasselmeyer, E.G.: How the Occupational Environment Can Affect the Birth of
Women to Have Healthy Children. In Women in the Workplace . American Industrial
Hygiene Association 1978. Chapter III. pp. 23-30.

Staff Activities in Professional Societies and Foreign Countries

Staff members served as Institute representatives at a number of professional
organizations ' annual meetings and committees including the American Academy
of Pediatrics Committee of Fetus and Newborn and Committee on Drugs, and the
annual meetings of the Society for Gynecologic Investigation, Infectious Disease
Society for Obstetrics and Gynecology, Society for Pediatric Research, and
American Pediatric Society.

Dr. Charlotte Catz served as a member of the U.S. Delegation to the US-USSR
Workshop on the Evaluation of Embryotoxic and Teratogenic Effects of Chemicals.
The workshop, which took place in Leningrad, November 27 - December 3, 1977 was

held under the auspices of Topic 3.2, Problem area 3, US-USSR Environmental
Health Cooperative Agreement. Dr. Catz presented a talk on the Teratogenicity of

Occupational Chemicals - Women at the Workplace.

Together with a group of Chinese-American Scientists from NIH, Dr. Joseph Hwang
visited the People's Republic of China, May 27-June 26, 1978. The program
included a visit to the Academy of Medical Sciences, the Research Institute of

Pharmacology, the Research Institute of Biochemistry, the Maternal and Children's
Hospitals, the Capital Hospital, the Cancer Research Institute and the Shanghai
No. 6 People's Hospital.

Personnel

The Branch is assigned five professional positions, one secretary, one clerk
stenographer, one clerk-dictating machine transcriber, and two part-time
clerk typists. Three of the professional positions are staffed with persons
holding Ph.D. degrees; and the other two by medical officers qualified in
pediatrics and epidemiology respectively. With the ending of FY 78, the Branch
is recruiting for vacancies for 1 medical officer, one health scientist admin-
istrator, and two clerk typists.
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NICHD Annual Report
October 1, 1977 through September 30, 1978

Pregnancy and Infancy Branch
Contract and Collaborative Research

Contract Number: NOl HD 1-2088

m
Contract Title: Non-Human Primate Colony ^^^

Contractor: University of California, Davis, California

Money Allocated: $209,018 ( June 1, 1978 - June 30, 1979)

Objectives : Under this contract, a colony of Rhesus monkeys (Macaca mulatta)
of known medical, reproductive and genealogical history is being kept and
developed at the California Primate Research Center, University of California
at Davis. This colony serves as a resource of research animals of known
quality from a standardized environment for investigators whose research is

funded by the NICHD.

Procedures : Animals of different ages including dated pregnancies, embryonic
and fetal material, neonates of known gestation, mother-infant pairs, juveniles
of known age, as well as certain biopsy material, tissues, and fluids are
being made available to selected investigators, all of whom must be directly ^
supported by NICHD. Application for animals is competitive and allocation is^
determined by an advisory committee which also advises on colony and contract
management. Animals are shipped to recipient scientists throughout the country;
a limited number of investigators can also be accommodated to visit facilities
on-site. Biological and behavioral data profiles are compiled and incorporated
into the computerized record of each animal. This information is available to

recipient investigators.

Significance : Demand for animals from this resource reflects the use of Rhesus
monkeys as a model for the human in biomedical research.

Proposed Course : The size of the colony, stabilized at 335 animals, is

adequate for the projected demand of 80-100 pregnancies per year plus

the need of replacement breeder stock. Plans exist to explore other sources
for management of this colony. An RFP will be prepared for continued main-
tenance of a resource for studies in perinatal biology using timed-dated
monkeys to determine the most cost-effective location for the implementation
of this program mg^

Project Officer: Charlotte Catz, M.D.
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Pregnancy and Infancy Branch
. Contract and Collaborative Research

Contract Number: NOl HD 3-2772

Contract Title: Development of Animal Models for Studies of Sudden
Infant Death Syndrome (SIDS)

Contractor: University of Oxford
Nuffield Institute of Medical Research
Oxford , England

Money Allocated: $84,540 ( September 1, 1977 - August 31, 1978)

Objectives : The objectives of this project include: (1) a detailed and critical
examination of the relationship between swallowing and breathing in developing
animals; and (2) a determination of the relationship between reflex apnea and

arrest of breathing. The former objective involves the characteristics of the
upper airway, the single unit of superior laryngeal nerve (SLN) with age in the
animal and receptors involved in reflex responses to laryngeal stimulation. The

latter include studies of the cardiovascular changes during laryngeal induced
apnea and the functional aspects of the upper airway defense mechanisms in

newborn animals

.

Findings : Acute experiments on laryngo-pharyngeal stimulation of 12 lambs reveal
that a bulbar response to laryngeal stimulation is unaffected by sleep state.

Further transmission through CNS , leading to arousal, is more likely in quiet
sleep than in REM sleep. Studies have been performed on 5 lambs while sucking
during feeding. Effective respiratory movements of the diaphragm are initially
absent, accounting for a marked hypoxemia and hypercapnia occurring during the

next 10-20 seconds. During this period, only "swallow breaths" are detected in

the diaphragm emg (electromyogram) and in records of intrapleural pressure. As

feeding proceeds, diaphragmatic activity increase and becomes organized such

that tidal volume becomes sufficient to cause reversion of blood gas levels
towards normal. This confirmed earlier observations that bilateral section of

the SLN's does not alter the respiratory or cardiovascular responses to sucking

and swallowing. Other findings include the radiotelemetry studies of the

respiratory activity of the muscles and the influence of behavioral state of 6

lambs reared with their ewes and of 17 caged lambs directly wired for recording.
Results show that the laryngeal muscles in quiet sleep are correlated with
intensity of the laryngeal inspiratory emg and that of the diaphragm.

Significance : The data and the combination of monitoring systems used in the

project will augment the use of the lamb, kitten, and Rhesus monkey models in

understanding the etiology of SIDS.

Proposed Course : The contract terminates on August 31, 1978

Project Officer : Joseph C. Hwang, Ph.D.
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Pregnancy and Infancy Branch
Contract and Collaborative Research

Contract Number: NOl HD 2-2 777

Contract Title: Development of Sleep and Cardiopulmonary Regulations Within^
Sleep: Clinical Studies of a Functional Mechanism for Risk, of

the Sudden Infant Death Syndrome (SIDS)

Contractor: Professional Staff Association of LAC/USC Medical Center

Money Allocated: 460,340 (March 1 to October 31, 1978)

Objectives : To describe the early maturation of sleep "states" and cardio-
pulmonary function during the various "states" in groups of newborns at high
and low risk for SIDS. This contract is oriented exclusively toward data
collection. Data analysis is a major component of its companion contract
at UCLA (NOl HD 2-2810).

Findings : Large amounts of physiological data were collected to evaluate
the early maturation of sleep states and cardiopulmonary function during state.
The three study groups consisted of (1) twenty-five subsequent siblings of SM"
cases; (2) twenty-five healthy normal newborns; and (3) ten "near miss" infanla.

The first two groups were recruited into the study prenatally and monitored at
32 and 36 weeks gestation during the first week after birth, and at monthly
intervals during the first six months of life. Each all-night monitoring
session lasted 12 hours during which 12 physiological variables were recorded
continuously. All data collection ended September 1977.

Significance : The cause of SIDS is at present unknown. A major etiologic
hypothesis suggests a delayed maturation of physiologic responsiveness in the
ontogeny of sleep states. This project is developing the data base upon
which this hypothesis can be tested by measuring and recording physiological
variables at different stages of sleep during the first six months of life
when more than 80 percent of SIDS cases occur. This study is an integral
part of the Institute's SIDS research contract program to develop further
knowledge on the causes and underlying mechanisms of SIDS.

Project Officer: Charles R. Stark, M.D. _.

#
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Contract and Collaborative Research

Contract Number: NOl HD 4-2810

Contract Title: Analysis of State Integration and Relation to Cardiopulmonary
Functions in Infants at High and Low Risk for the Sudden
Infant Death Syndrome (BIDS)

Contractor: University of California at Los Angeles

Money Allocated: $97,070 (March 1 to October 31, 1978)

Objectives: To describe the early maturation of sleep states and cardiopul-
monary function in groups of newborn infants at high and low risk for SIDS,
and to develop an animal model to test physiologic hypotheses of SIDS etiology.
This contract emphasizes data analysis while its companion contract at USC
(NOl HD 4-2777) is for data collection.

Findings: Results to date support the concept that a faulty progression in
the maturation of sleep and heart-lung control may contribute to the mechanisms
of SIDS. The characteristics of the development of sleep have been described
with greater physiologic variability observed in low risk infants. It was found
that different developmental patterns characterize sleep and related cardiopul-
monary functions in high and low risk infants; specific brain wave differences
exist at particular ages during the first 6 months of life; sleep state cycling
over night is different in high and low risk infants; sleep state can alter
variations in heart and respiratory rates; a fixed sequence of sleep state
occurs after feeding; a distinct developmental sequence of apnea incidence
has been elucidated; high risk infants have a higher respiratory rate than low
risk infants and a reduced incidence of apnea.

Data from kittens under different stress stages (oxygen and sleep deprivation),
have revealed a "failure syndrome" associated with rearing in a low-oxygen
atmosphere. In this syndrome, kittens with a high respiratory rate and few
apnea spells become progressively unable to enter active sleep and eventually
heart and lungs cease to function. These findings support the possible role
of sleep-heart-lung-regulation in the etiology of SIDS.

Significance : The results of this contract can be used to yield highly
refined estimates of SIDS risk.

Proposed Course : A monograph is being prepared which will describe details
of the project and document results. This document should be of value in
future SIDS risk prediction studies. This monograph should be in draft by
October 31, 1978. Publication of the monograph is planned for 1979.

Project Office r: Charles R. Stark, M.D.
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Contract Number: NOl HD 5-2853

Contract Title: Sleep Apnea and the Sudden Infant Death Syndrome: ^^
Developmental Correlates ^^

Contractor: State University of New York, Upstate Medical Center,
Syracuse, New York

Money Allocated: $11,500 (June 30, 1978 to December 29, 1978)

Objectives : The objective of this project is to carry out a longitudinal
follow-up of infants with established sleep apnea and their controls,
including evaluation for respiratory instability within the first week
of life, correlations of the amount of sleep apnea in the first and fourth
weeks of life with measures of neurological and behavioral function, cry
pattern spectographs , and mental and psychomotor developmental assessment.

Findings : Data collection ended December, 1977. Data are available for
analysis regarding sleep apnea on 196 full-term infants, 83 subsequent
siblings of SIDS victims, and 178 premature infants at 1 week and 4 weeks ^0
of age, as well as nine month Bayley developmental scores. Preliminary
data analyses indicate that infants who had a high frequency of breathing
pauses (apnea) of two seconds or greater duration had lower mental and
motor scores on the Bayley scales than infants without evidence of apnea.
Developmental differences appear to be definite at 9 months of age, but are
equivocal at 2 years of age. Correlation analyses of data on sleep apnea of

two seconds or greater duration and developmental test scores, and regression
analyses of data on obstetrical and neonatal variables and developmental
outcomes will contribute significantly to knowledge about developmental
events antecedent to SIDS.

Significance ; This study is an integral part of the Institute's SIDS research
contract program to identify the causes and underlying mechanisms of SIDS.

This proposal is developing new information that will help to identify infants
at risk for SIDS and to extend our understanding of the impact of sleep apnea
on development

.

Proposed Course : Data analyses will continue with completion of the contract^^
by December 1979.

Project Officer: Eileen G. Hasselmeyer, Ph.D.

246



»

NICHD Annual Report
October 1, 1977 through September 30, 1978

Pregnancy and Infancy Branch
Contract and Collaborative Research

Contract Number: NOl HD 5-2855

Contract Title: Evaluation and Follow-up of Selected Respiratory, Cardiac
and Neurophysiologic Parameters in Infants as Indicators
of Risk for the Sudden Infant Death Sydnrome (SIDS)

Contractor: Montefiore Hospital and Medical Center, Bronx, New York.

Money Allocated: $370,879 (September 30, 1978 to October 29, 1979)

Objectives : The objectives of this project are to study cardiorespiratory-
neurophysiologic phenomena which may be relevant to the understanding of sudden
infant death syndrome (SIDS) and to identifying infants at risk.

Findings : During this current year twenty-nine initial recordings and monthly
follow-up sessions up to four months of age have been carried out on eleven
near-miss and four control babies, and one sibling of an infant who succumbed
to SIDS. A total of 107 continuous 24 and 48 hour recordings exist and are
being analyzed as to sleep-wake sequences, and variations of apneic episodes
during any two or more sleep periods. A computer system has become operational
and a program was developed to summarize a 24-hour recording session relating
breathing pauses to transitional, quiet and active sleep. It has been shown
that near-miss babies have more breathing pauses than control babies, but that
the differences are less obvious with increasing age. A more detailed home
monitoring system has been developed for multi-channel recordings and is ready
for evaluation in home and hospital environments. It will be used to monitor
near-miss infants in their home when having an upper respiratory infection.

Significance : The sudden infant death syndrome is the leading cause of death
in the United States between the ages of one month and one year. This proposal
is developing new information that will help to identify infants at risk for
SIDS. This study is an integral part of the Institute's SIDS research contract
program to develop further knowledge on the causes and underlying mechanisms
of SIDS.

Proposed Course : A renewal is under consideration for FY 1979.

Project Officer: Charlotte Catz , M.D.
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Contract Number: NOl HD 5-2856

Contract Title: Evaluation and Follow-up of Selected Respiratory, Cardiac ^
and Neurophysiologic Parameters in Infants as Indicators
of Risk for the Sudden Infant Death Syndrome (SIDS)

Contractor: Columbia-Presbyterian Medical Center, New York, New York

Money Allocated: $420,369 (July 1, 1978 - June 30, 1979)

Objectives : The objectives of this project are to study cardiorespiratory-
neurophysiologic phenomena which may be relevant to understanding the sudden
infant death syndrome (SIDS) and identifying infants at risk.

Findings : Premature infants, infants with "near miss" episodes, and healthy
infants are monitored during sleep in a non-invasive manner. Data obtained
include recordings of EEC, EGG, EMG, EKG, respiratory rate and respiratory
volume. New methods have been developed to measure tidal volume and accurate
measurements of heart rate variability. Analysis of the data has revealed
interesting leads on the effect of sleep stage and carbon dioxide on cardio- ^
respiratory control. It was shown that near-miss infants have a faster heart
rate, a smaller beat to beat (and overall) variability, and a shorter QT
interval. In some near-miss infants, the respiratory rate is higher and in

almost all near-miss infants the ventilatory response to COt is greater. These
findings are consistent with chronic hypoxemia.

Significance : The sudden infant death syndrome is the leading cause of death
in the United States between the age of one month to one year. This proposal
is developing new information that will help to identify infants at risk for
SIDS. This study is an integral part of the Institute's SIDS research contract
program to develop further knowledge on the causes and underlying mechanisms
of SIDS.

Proposed Course : A renewal proposal is approved for FY 1979.

Project Office: Charlotte Catz , M.D.
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Contract Number: NOl HD 57O64O

Contract Title: Study of Relationship Between Nutrition and Behavioral
Development

Contractor: Pan American Health Organization, Institute of Nutrition
for Central America and Panama

Money Allocated: $137,120 (March 1 - August 31, 1978)

Objectives : To elucidate the relationships between nutritional status and
physical, psychological, and social growth.

Findings : Analyses of the data have shown that maternal supplementation is
related to birth weight of the infant; the greater the supplement consumption,
the greater the birth weight. For the growing child, supplementation signifi-
cantly increases growth rate; both protein and calories contribute to this
improvement. Behavioral data are now available for all children through
age two years and for some children to age 4 years. Significant increases
in behavioral test scores are seen in those children who have been well supple-
mented with the protein-calorie "atole" since early pregnancy, compared to
those who participated poorly or not at all in the supplementation program.
Preliminary analysis of the data suggests that supplementation during pregnancy
may be more important in terms of behavioral development than supplementation
during postnatal growth. Current analytic efforts are focused on ruling out
village effects and socioeconomic status as alternative explanations for
the apparent effect of supplementation on mental development. Data analyses
are continuing. These studies are continuing to validate the stability of
the behavioral differences being observed.

Significance : This study is expected to provide the best existing documentation
of the relationship between nutritional status (supplementation) and physical,
psychological, and social growth.

Proposed Course : This contract is nearing completion. The workscope calls
for the production of 5 to 8 publications to describe the study and its results.
It is anticipated that these papers will be published in a well-reviewed
American Journal.

Project Officer : Charles R. Stark, M.D.
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Contract Number: NOl HD 6-2845

Contract Title: Analysis of Several Proposed Causes of the Sudden Infant ^
Death Syndrome (SIDS)

Contractor: Pennsylvania State University
M.S. Hershey Medical Center
Hershey, Pennsylvania 17033

Money Allocated: (Extended to June 30, 1978 without additional funds)

Objectives

:

The objective of this contract was to study multiple mechanisms
and interrelationships that have been proposed for SIDS in the same victims.
These include chronic alveolar hypoventilation and episodes of apnea during

sleep; defective gluconeogenesis ; abnormalities of the carotid body; abnormal-
ities in cardiac conduction; electrolyte abnormalities; anemia; infection;
breast-feeding; and laryngeal reflexes and dysfunction.

Procedures ; Seventy-five (75) SIDS victims and 35 suitable controls were
studied. Complete and detailed autopsies were performed followed by collecti^
and cataloguing of specimens for the areas mentioned under "Objectives". ^
Findings : Analysis of specimens from SIDS victims and controls began in

January 1977. During the current year, multiple analysis of tissues and

blood have been completed. Tabulation analyses of data is in progress and
should be completed by the end of 1978.

Significance : The sudden infant death syndrome is the leading cause of death
in the United States between the age of one month and one year. The work
accomplished on this contract investigated specific hypotheses in the same
set of victims and controls. This is the first time that several pathogenic
mechanisms were studied simultaneously in the same subjects which will permit
an evaluation of possible interrelationships. This research relates directly
to the NICHD SIDS research program.

Proposed Course : This contract is scheduled to end FY 78.

Project Officer ; Charlotte Catz , M.D. ||^
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Contract Number: NOl HD 7-2839

Contract Title: Data Collection Center for the NICHD Cooperative
Epidemiologic SIDS Risk Factors Study

Contractor: University of Washington
Seattle, WA

Money Allocated: $68,815 (September 30, 1977 - December 31, 1978)

Objectives
: This contract is an essential component of the NICHD Cooperative

Epidemiologic SIDS Risk Factors Study involving 6 data collecting centers and
1 data coordinating center. The purpose of this cooperative study is to focus
on the development of a risk prediction algorithm which can be applied in the
first week of life. The study design is case-control to be maximally efficientm Identification of risk factors; it is also population based (complete case
ascertainment within defined study populations) to enable quantification of
the risk associated with any identified risk factor. An estimated 750 possible
SIDS cases will enter the study and 2 matched living controls will be selected
for each possible SIDS case.

The six data collecting centers include NOl HD 7-2839, University of Washington,
Seattle; NOl HD 7-2840, University of California, Davis; NOl HD 7-2841 Health
Research Inc., Albany, New York; NOl HD 7-2842, Medical and Health Research
Association of New York City; NOl HD 7-2843 Loyola University of Chicago;
NOl HD 7-2844, St Louis Regional Maternal and Child Health Inc. The datL
coordinating center is located at the University of Washington (NOl HD 7-2839).

Findings
: The study design is completed. Protocols, questionnaires, and

information forms have been developed and are being pretested.

Significance; The sudden infant death syndrome is the leading cause of deathm the United States between one month and one year of life. This study is
an integral part of the NICHD SIDS research contract program to understand
the causes and underlying mechanisms of SIDS, to identify infants at risk, and
to explore approaches to prevention. As a result of this study, it should be
possible to identify infants at high risk for SIDS on the basis of information
available at birth and in the period shortly thereafter.

Proposed Course: Data collection will begin in September 1978 for a period of
12 to 15 months.

Project Officer : Eileen G. Hasselmeyer, Ph.D.
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Contract Number: NOl HD -7-2839

Contract Title: Data Coordinating Center for the NICHD Cooperative
Epidemiologic SIDS Risk Factors Study

Contractor: University of Washington
Seattle, WA

Money Allocated: $130,794 (September 30, 1977 to December 31, 1978)

Objectives : This contract serves as the Data Coordinating Center to the

NICHD SIDS Cooperative Epidemiologic SIDS Risk Factors Study. It is respon-
sible for the processing, management, and analyses of data collected by the

participating centers.

Findings : The study design is completed. Protocols, questionnaires, and
information forms have been developed and are being pretested.

Significance : The sudden infant death syndrome is the leading cause of death^
in the United States between one month and one year of life. This study is ^
an integral part of the NICHD SIDS research contract program to understand
the causes and underlying mechanisms of SIDS, to identify infants at risk, and
to explore approaches to prevention. As a result of this study, it should be

possible to identify infants at high risk for SIDS on the basis of information
available at birth and in the period shortly thereafter.

Proposed Course : Data collection will begin in September 1978 for a period of

12 to 15 months. Data analyses will continue for an additional 9 to 12 months.

Project Officer: Eileen G. Hasselmeyer, Ph.D.

^<'
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Contract Number: NOl HD 7-2840

Contract Title: Data Collection Center for the NICHD Cooperative
Epidemiologic SIDS Risk Factors Study

Contractor: University of California
Davis , CA

Money Allocated: $172,000 (September 30, 1977 - December 31, 1978)

Objectives : This contract is an essential component of the NICHD Cooperative
Epidemiologic SIDS Risk Factors Study involving 6 data collecting centers and
1 data coordinating center. The purpose of this cooperative study is to focus
on the development of a risk prediction algorithm which can be applied in the
first week of life. The study design is case-control to be maximally efficient
in identification of risk factors; it is also population based (complete case
ascertainment within defined study populations) to enable quantification of
the risk associated with any identified risk factor. An estimated 750 possible
SIDS cases will enter the study and 2 matched living controls will be selected
for each possible SIDS case.

The six data collecting centers include NOl HD 7-2839, University of Washington,
Seattle; NOl HD 7-2840, University of California, Davis; NOl HD 7-2841, Health
Research Inc., Albany, New York; NOl HD 7-2842, Medical and Health Research
Association of New York City; NOl HD 7-2843 Loyola University of Chicago;
NOl HD 7-2844, St Louis Regional Maternal and Child Health Inc. The data
coordinating center is located at the University of Washington (NOl HD 7-2839).

Findings : The study design is completed. Protocols, questionnaires, and
information forms have been developed and are being pretested.

Significance : The sudden infant death syndrome is the leading cause of death
in the United States between one month and one year of life. This study is
an integral part of the NICHD SIDS research contract program to understand
the causes and underlying mechanisms of SIDS, to identify infants at risk, and
to explore approaches to prevention. As a result of this study, it should be
possible to identify infants at high risk for SIDS on the basis of information
available at birth and in the period shortly thereafter.

Proposed Course : Data collection will begin in September 1978 for a period of
12 to 15 months.

Project Officer : Eileen G. Hasselmeyer, Ph.D.
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Contract Number: NOl HD 7-2841

Contract Title: Data Collection Center for the NICHD Cooperative ^
Epidemiologic SIDS Risk Factors Study ^

Contractor: Health Research Inc.

Albany, NY

Money Allocated: $94,158 (September 30, 1977 - December 31, 1978)

Objectives ; This contract is an essential component of the NICHD Cooperative
Epidemiologic SIDS Risk Factors Study involving 6 data collecting centers and
1 data coordinating center. The purpose of this cooperative study is to focus
on the development of a risk prediction algorithm which can be applied in the

first week of life. The study design is case-control to be maximally efficient
in identification of risk factors; it is also population based (complete case
ascertainment within defined study populations) to enable quantification of

the risk associated with any identified risk factor. An estimated 750 possible
SIDS cases will enter the study and 2 matched living controls will be selected
for each possible SIDS case. ^
The six data collecting centers include NOl HD 7-2839, University of Washington,
Seattle; NOl HD 7-2840, University of California, Davis; NOl HD 7-2841, Health
Research Inc., Albany, New York; NOl HD 7-2842, Medical and Health Research
Association of New York City; NOl HD 7-2843 Loyola University of Chicago;
NOl HD 7-2844, St Louis Regional Maternal and Child Health Inc. The data
coordinating center is located at the University of Washington (NOl HD 7-2839).

Findings : The study design is completed. Protocols, questionnaires, and
information forms have been developed and are being pretested.

Significance : The sudden infant death syndrome is the leading cause of death
in the United States between one month and one year of life. This study is

an integral part of the NICHD SIDS research contract program to understand
the causes and underlying mechanisms of SIDS, to identify infants at risk, and
to explore approaches to prevention. As a result of this study, it should be
possible to identify infants at high risk for SIDS on the basis of information
available at birth and in the period shortly thereafter. ^
Proposed Course : Data collection will begin in September 1978 for a period of
12 to 15 months.

Project Officer : Eileen G. Hasselmeyer, Ph.D.
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Contract Number: NOl HD 7-2842

Contract Title: Data Collection Center for the NICHD Cooperative

Epidemiologic SIDS Risk Factors Study

Contractor: Medical and Health Research Association of New York City

New York, NY

Money Allocated: $184,500 (September 30, 1977 - December 31, 1978)

Objectives: This contract is an essential component of the NICHD Cooperative

Epidemiologic SIDS Risk Factors Study involving 6 data collecting centers and

1 data coordinating center. The purpose of this cooperative study is to focus

on the development of a risk prediction algorithm which can be applied in the

first week of life. The study design is case-control to be maximally efficient

in identification of risk factors; it is also population based (complete case

ascertainment within defined study populations) to enable quantification of

the risk associated with any identified risk factor. An estimated 750 possible

SIDS cases will enter the study and 2 matched living controls will be selected

for each possible SIDS case.

The six data collecting centers include NOl HD 7-2839, University of Washington,

Seattle; NOl HD 7-2840, University of California, Davis; NOl HD 7-2841, Health

Research Inc., Albany, New York; NOl HD 7-2842, Medical and Health Research

Association of New York City; NOl HD 7-2843 Loyola University of Chicago;

NOl HD 7-2844, St Louis Regional Maternal and Child Health Inc. The data

coordinating center is located at the University of Washington (NOl HD 7-2839).

Findings : The study design is completed. Protocols, questionnaires, and

information forms have been developed and are being pretested.

Significance : The sudden infant death syndrome is the leading cause of death

in the United States between one month and one year of life. This study is

an integral part of the NICHD SIDS research contract program to understand

the causes and underlying mechanisms of SIDS, to identify infants at risk, and

to explore approaches to prevention. As a result of this study, it should be

possible to identify infants at high risk for SIDS on the basis of information

available at birth and in the period shortly thereafter.

Proposed Course : Data collection will begin in September 1978 for a period of

12 to 15 months.

Project Officer: Eileen G. Hasselmeyer, Ph.D.
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Contract Number: NOl HD 7-2843

Contract Title: Data Collection Center for the NICHD Cooperative ^
Epidemiologic SIDS Risk Factors Study ™

Contractor: Loyola University of Chicago
Chicago, IL

Money Allocated: $182,514 (September 30, 1977 - December 31, 1978)

Objectives : This contract is an essential component of the NICHD Cooperative
Epidemiologic SIDS Risk Factors Study involving 6 data collecting centers and
1 data coordinating center. The purpose of this cooperative study is to focus
on the development of a risk prediction algorithm which can be applied in the
first week of life. The study design is case-control to be maximally efficient
in identification of risk factors; it is also population based (complete case
ascertainment within defined study populations) to enable quantification of

the risk associated with any identified risk factor. An estimated 750 possible
SIDS cases will enter the study and 2 matched living controls will be selected
for each possible SIDS case.

#
The six data collecting centers include NOl HD 7-2839, University of Washington,
Seattle; NOl HD 7-2840, University of California, Davis; NOl HD 7-2841, Health
Research Inc., Albany, New York; NOl HD 7-2842, Medical and Health Research
Association of New York City; NOl HD 7-2843 Loyola University of Chicago;
NOl HD 7-2844, St Louis Regional Maternal and Child Health Inc. The data
coordinating center is located at the University of Washington (NOl HD 7-2839).

Findings : The study design is completed. Protocols, questionnaires, and
information forms have been developed and are being pretested.

Significance : The sudden infant death syndrome is the leading cause of death
in the United States between one month and one year of life. This study is

an integral part of the NICHD SIDS research contract program to understand
the causes and underlying mechanisms of SIDS, to identify infants at risk, and
to explore approaches to prevention. As a result of this study, it should be

possible to identify infants at high risk for SIDS on the basis of information
available at birth and in the period shortly thereafter.

Proposed Course : Data collection will begin in September 1978 for a period of
12 to 15 months

.

Project Officer : Eileen G. Hasselmeyer, Ph.D.
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Contract Number: NOl HD 7-2844

Contract Title: Data Collection Center for the NICHD Cooperative
% Epidemiologic SIDS Risk Factors Study

Contractor: St. Louis Regional Maternal and Child Health Inc.
St . Louis , MO

Money Allocated: $70,467 (September 30, 1977 - December 31, 1978)

Objectives : This contract is an essential component of the NICHD Cooperative
Epidemiologic SIDS Risk Factors Study involving 6 data collecting centers and
1 data coordinating center. The purpose of this cooperative study is to focus
on the development of a risk prediction algorithm which can be applied in the
first week of life. The study design is case-control to be maximally efficient
in identification of risk factors; it is also population based (complete case
ascertainment within defined study populations) to enable quantification of
the risk associated with any identified risk factor. An estimated 750 possible
SIDS cases will enter the study and 2 matched living controls will be selected
for each possible SIDS case.

The six data collecting centers include NOl HD 7-2839, University of Washington,
Seattle; NOl HD 7-2840, University of California, Davis; NOl HD 7-2841, Health
Research Inc., Albany, New York; NOl HD 7-2842, Medical and Health Research
Association of New York City; NOl HD 7-2843 Loyola University of Chicago;
NOl HD 7-2844, St Louis Regional Maternal and Child Health Inc. The data
coordinating center is located at the University of Washington (NOl HD 7-2839).

Findings : The study design is completed. Protocols, questionnaires, and
information forms have been developed and are being pretested.

Significance : The sudden infant death syndrome is the leading cause of death
in the United States between one month and one year of life. This study is
an integral part of the NICHD SIDS research contract program to understand
the causes and underlying mechanisms of SIDS, to identify infants at risk, and
to explore approaches to prevention. As a result of this study, it should be
possible to identify infants at high risk for SIDS on the basis of information
available at birth and in the period shortly thereafter.

Proposed Course : Data collection will begin in September 1978 for a period of
12 to 15 months.

Project Officer : Eileen G. Hasselmeyer, Ph.D.
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Contract Number: NOl HD 7-2846

Contract Title: Instrumentation to Monitor Cardiorespiratory Function
in the Home.

Contractor: Carnegie-Mellon Institute
Pittsburgh, PA

Money Allocated: $112,435 (September 30, 1977 to December 31, 1978)

Objectives : The objective of this project is to create an inexpensive,
reliable, reasonably quiet, compact and rugged home-use instrument which
will yield long-term, high quality recordings of specific physiologic
indices (cardiorespiratory function, motility-sleep , cry, temperature,
etc.) considered to be related to the sudden infant death syndrome (SIDS).

Findings : Instrument is in its developmental stages.

Significance : The instrument will enhance the evaluation of physiologic 9
risk factors for SIDS in a developmental context. It will facilitate the
acquisition of physiologic parameters in the home environment to sketch out
developmental patterns in the first six months of life. These data should
enhance identification of infants at risk for SIDS.

Proposed Course : Recordings made by this instrument will serve as partial
input to a SIDS risk evaluation software system to be used in a NICHD project
which will build upon the findings of the Institute's Cooperative Epidemiologic
SIDS Risk Factors Study.

Project Officer: Eileen G. Hasselmeyer, Ph.D.

258



NICHD Annual Report
October 1, 1977 through September 30, 1978
Developmental Biology and Nutrition Branch

August 11, 1978, marked the second anniversary of the Developmental Biology
and Nutrition Branch. On that date in 1976 the NTH Deputy Director for
Science created this Branch in order to emphasize important scientific areas
and to realign research priorities. The Branch was charged with "developing
new knowledge about developmental dysfunctions and disorders of the endocrine
system and of metabolism in humans, especially how these developmental problems
influence health status later in life."*

Oilman D. Grave, M.D., has been Acting Chief of the Branch since November 10,
1977. Prior to that time Artemis P. Simopoulos, M.D., directed the activities
of the Branch from October 18, 1976, through November 7, 1977, when she was
transferred to the Office of the Director, NIH, to work on coordinating
nutrition-related activities at NIH, Dr. Delbert H. Dayton, M.D., was assigned
to the Branch at its inception, and Thorsten A. FjeUstedt, Ph.D., joined the
Branch on January 2, 1977. During the past year the staff has continued to
forge strong research programs in many aspects of basic and applied develop-
mental biology and nutrition.

The mission of the DBN Branch is to understand the mechanisms that operate
during development to promote health and to prevent disease. Research sup-
ported by the Branch stresses the study of genetic, endocrine, metabolic,
immunologic, and nutritional antecedents of infant, childhood and adult dis-
orders .

The staff of the DBN Branch emphasizes research in ten areas. These ten research
programs encompass studies ranging from basic molecular biology to clinical
studies. Arranged in order, from the most basic through the most clinical, the
ten research programs and their share of the budget of the DBN Branch are pre-
sented below:

1) Cellular Differentiation 24.3%
2) Developmental Human Genetics 17.8%
3) Growth and Growth Factors 17.0%
4) Developmental Immunology 14.8%
5) Malnutrition and the Immune Response 1.3%
6) Developmental Pharmacology 0.3%
7) Developmental Gastroenterology 1.2%
8) Developmental Nutrition 11.7%
9) Infant Nutrition 4.0%

10) Obesity and Childhood Antecedents of 7.6%
Adult Disease

*Memorandum of December 15, 1976 from the Director, CRMC to Associate
Director for Extramural Research and Training
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The total budget for the DBN Branch in its first year of operation (FY 77) was

$13,834,000. The estimated figure for FY 78 is $16,452,000, an increase of
18.9%. Some of this increase supports modest expansions of two of the ten pro-
grams, Growth and Growth Factors and Infant Nutrition. However, most of the
increase is consumed by inflation and rising indirect costs. In FY 78, 199

projects were supported, including 146 research grants. In FY 78 so far 33

projects of the 199 have terminated, and 26 new ones have begun, for a currer^
total (August 3) of 192 currently funded projects. Each of the ten programs^
their research priorities, and some of their recent accomplishments are dis-
cussed in the sections which follow.

The Research Programs

1. Cellular Differentiation - The largest program within the DBN Branch is

comprised of studies of cellular differentiation. These consist of basic
studies of the mechanisms that control the expression of genetic information.
This central biological problem has been approached in a variety of model
systems. Several investigators supported by the DBN Branch employ insect models
to study control of transcription, storage of various species of RNA during
oogenesis, and control of the expression of certain evanescent proteins during
development. Avian and mammalian models are also being used for studies on
regulation of the activity of various organ-specific enzymes in development.

Research priorities in this area include: (a) Emphasis on the use of recombiTrant
techniques to amplify specific genes so that their kinetics of operation and
control can be studied in vitro . (b) Isolation of various ra-RNA's in pure form
which code for certain proteins that appear in temporal and/or spatial isolation.
Once such a pure messenger RNA is isolated, c-DNA can be made with reverse tran-
scriptase, attached to plasmid or phage, introduced into E. coli K12 and cloned,
(c) Basic studies on differentiation. Such work may lead to the ability to

regenerate human tissues and organs from totipotential cells, (d) Theoretical
studies on the generation of pattern and form in biological systems.

This year the DBN staff has been working with a group of investigators from the

University of Michigan to develop a program project devoted to isolating and
purifying the human genes that code for transfer RNA and ribosoraal RNA by the use
of recombinant techniques. Such basic studies will aid in learning more about
the variability of gene sequence within individuals, about gene organization,
and about interactions between chromosomes.

2. Developmental Human Genetics - To understand normal human development ^
requires knowledge of the complex mechanisms of genetic regulation involved.
Errors in genetic expression may result in disorders of metabolism and morpho-
genesis. There is probably some genetic component, varying in degree, in almost
all disease processes. Therefore studies of developmental human genetics are

essential to the entire DBN research program. The DBN Branch funds studies of
control of transcription in animal cells; studies of RNA polymerases and of
factors influencing the activity of these enzymes; studies of the mechanisms ^
of action of the gene, and research projects that exploit the technique of ^
somatic cell hybridization to map the human genome.
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Other studies funded by the DBN Branch area are concerned with gene mutations
that cause structural defects of morphogenesis, and with the identification of
enzyme deficiencies responsible for inborn errors of metabolism.

One important project within this program includes a major referral center for
skeletal dysplasias. Cases of chondrodystrophic dwarfism have been studied and
classified and several new disorders elucidated. Through biochemical analysis
of biopsies of bone and cartilage the investigators involved in this study have
been able to provide specific diagnostic and counseling advice, and they have
have developed a new nosology for these diseases.

Another team of NICHD-funded scientists has developed a test for use in cases of
ambiguous genitalia in newborns. The test i-dentifies a male factor, possible no
more than a single gene, which sometimes is attached to a chromosome other than
the usual Y. This hidden "male" antigen has been called the H-Y antigen and may
be the result of a mutation or an accidental transfer of genes between chromo-
somes .

Remarkable advances are being made by another research group interested in gene
control of mammalian development. This group has developed unique models for
studying human genetic disease by producing mutant cell lines which contain de-
fects found in human genetic disease. These cells are placed into blastocysts
and participate in the formation of the developing embryo. A Lesch-Nyhan mosiac
animal has already been produced and will be studied thoroughly. These animal
models hold great promise for the study of human genetic disease.

An NICHD-sponsored workshop on alpha-fetoprotein (AFP) was held in May, 1978.
This workshop was organized to assess the current experience in using AFP to
screen for neural tube defects and to evaluate the expectations for the develop-
ment of such a program within the United States. Considerable effort was made
to reach some agreement on the best approach to standardize the AFP assays.
Specific recommendations will be forthcoming as a result of this meeting.

The DBN Branch plans to expand both the basic and clinical genetics portions of
this program. Specific areas of priority include:

a) Improvement of the biochemical diagnosis of genetic disease
pre- and post-natally

.

b) Development of animal models of normal biological development,
morphologic defects and metabolic genetic diseases.

c) Studies of the genetics and pathogenesis of chondrodystrophies.

3- Growth and Growth Factors - This program is concerned with human physical
growth and development. Basic research in the endocrinology and neuroendocrin-
ology of puberty receives special emphasis. Recent advances in neuroendocrin-
ology have shown that the pituitary is the servant of the hypothalamus and other
parts of the limbic system. In this regard the DBN Branch supports research on
such topics as development of biologic rhythms, development of steroid receptors
in brain; maturation of large- and small-loop neuroendocrine feedback circuits,
limbic control of gonadotropin release, and pheromones. During this year the
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DBN Branch began funding three interesting new projects on the neurophysiological
and neurochemical control of puberty onset.

Much work remains to be accomplished in the nascent field of growth factors.
The DBN Branch supported the work which determined the complete amino acid
sequence of epidermal growth factor, a 53-residue polypeptide. Similar puri-
fication and analysis remains to be done on other growth factors such as fit

blast growth factor and the somatomedins. These growth factors stimulate
DNA synthesis and cell proliferation, but their mechanisms of action are unknown.
In February of this year the DBN Branch co-sponsored a workshop on somatomedins
and other growth factors in order to achieve agreement on terminology and metho-
dology among researchers in this rapidly moving field.

An extensive research effort continues on various aspects of growth hormone
(GH). Studies are under way to ascertain its role in determining skeletal growth,
liver regeneration and catch-up growth. The DBN Branch currently supports studies
on mechanism and rates of production and release of GH in normal and in growth-
retarded children. Because of the scarcity of human GH, a polypeptide of 140
amino acid residues, efforts are underway to isolate biologically active fragments
of the molecule. Eventually such shorter polypeptides may be synthesized, or
cleaved from molecules of animal GH, or even harvested from bacterial clones.

4. Developmental Immunology - Studies of the development of the human immun^^
logic system are an essential aspect of the NICHD research emphasis on pre- ^T
vention and treatment of diseases associated with reproduction, pregnancy,
infancy, and childhood. Biomedical observations and epidemiologic data have
demonstrated that certain diseases and disorders are often expressed in highest
incidence within specific age clusters during development. Understanding of
the maturation of body defenses over time will lead to an understanding of
the mechanisms subjecting these specific age groups to increased vulnerability.

Important examples of such vulnerability involve increased morbidity and
mortality in prematures and newborns owing to infections by gram negative
bacilli and Group B streptocococci . Publication of the proceedings of an NICHD-
sponsored conference entitled "Development of Host Defenses" has just appeared
in print and represents the forefront of current thinking in the field of human
host defense. It emphasizes the ontogeny of human immunity, maternal relation-
ships with the developing fetus, and immunologic responses in persistent intra-
uterine infections.

A wide array of studies on evolutionary aspects of the immune system are pre:^^
ently being funded. Studies of the phylogeny and ontogeny of immunocompetent
cells are emphasized in an attempt to understand host defenses at specific
times during development and therefore to understand the causes of human immuno-
logic deficiency in combatting infections and disease. Studies of genetic aber-
rations association with immunologic disease are also supported. In this regard
the DBN Branch cosponsored a workshop entitled "The Genetics of Autoimmune
Disorders," held in July, 1978.

Emphasis will be given to studies of the immunologic properties of breast milk.
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as a source of newborn inmunity. To stiniulate further interest in this research
area, a conference has been planned for September, 1978, entitled, "The
Immunology of Breast Milk." Data are to be presented on the humoral and cell-
ular immunologic factors of breast milk, their protective potential, and the
maternal and newborn mechanisms involved.

One NICHD-supported investigator working in the area of immunogenetics has
developed a method for ascertaining individuals with cystic fibrosis, obligate
carriers, and normals by identifying a cystic fibrosis protein. Further studies
are being carried out to assure reproducibility of this method and the uniqueness
of this protein in individuals with cystic fibrosis before the test can be used
for screening purposes. Evidence also exists for an abnormality in a serum
protein known as alpha-2-raacroglobulin. An abnormal alpha-2-macroglobulin may
be the basic defect in cystic fibrosis, since alpha-2-macroglobulin normally
bind proteases; unbound proteases could account for the multiplicity of organs
damaged in patients with cystic fibrosis.

Another investigator has made a major contribution by developing a new therapy
for a lethal disease called severe combined immunodeficiency. The therapy
consists of giving a transplant of thymic epithelial cells obtained through
short-term culture of normal thymus. The results show that at least some forms
of this disease are due to thymic epithelial defects and are probably secondary
to inadequate thymic differentiation. These results require a revision in
current thinking about the causation of combined immunodeficiency disorders
and the nature of the thymic influence on the underlying faulty mechanisms
in this disease entity.

Continued research is required, and specific priorities are the following:
a) Increased understanding of the mechanisms by which the fetus and newborn
acquire resistance to infections. This has great biological significance
not only for improved therapy of intrauterine and neonatal septicemia, but for
sequellae such as congenital malformations, growth dysfunctions and mental
retardation, b) Additional developmental studies of the processes of cell
differentiation and cloning. Such studies must include the most primitive
bone marrow stem cells through the thymus-dependent T-lymphocytes and the
B-lymphocytes responsible for antibody formation, including B cell-T inter-
actions, role of macrophages, and biological functions of the complement cascade,
c) Studies of phagocytic function relative to developmental age and specific
dysfunction syndromes, d) Studies of the secretory IgA system during development
in providing local immunity in external body secretions, especially studies
of the gastrointestinal tract immunity in infants and children as well as the
maternal gut-mammary gland axis as it pertains to breast milk as a source of
newborn immunity, e) Studies of the development of IgE-bearing B cells, or
precursors of IgE-forming cells, to broaden the knowledge base for atopic disease
as well as to develop means of identifying those children at risk for later
appearance of allergy and to understand better the genetic factors involved,
f) Studies of both specific and non-specific immunologic properties of human
breast milk. These studies are emphasized because of the apparent increase
in frequency of neonatal necrotizing enterocolitis and the fact that the
gastrointestinal tract is often the portal of entry for agents causing neonatal
sepsis .
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in frequency of neonatal necrotizing enterocolitis and the fact that the
gastrointestinal tract is often the portal of entry for agents causing neonatal
sepsis

.

5. Malnutrition and the Immune Response - Study of the effects of malnu-
nutrition on the immune response has been a focus of research at NICHD ^
for several years. It is important because of the extent of nutritional prob".s
in the world, not only in developing countries but to a certain extent in the
United States as well. Intrauterine malnutrition from various causes must also
be included in a discussion of those individuals at risk for impaired development
of immunologic mechanisms. Both prenatal and postnatal nutritional deprivation
must be emphasized in studies of immunologic deficits.

One NICHD-supported investigator is determining the effects of dietary zinc
deficiency on the immune response at different stages of development. He is

attempting to ascertain whether these effects are temporary or permanent. Pre-
liminary animal studies show that the thymuses of weanling and young adult mice
are completely destroyed after three to four weeks on a zinc-deficient diet.
The resulting immunologic function is to be assessed.

Other investigators funded by NICHD continue to assess cellular immunity in

sick and malnourished subjects by studying both intrauterine and postnatal
malnutrution . Previous DBN-supported studies have shown impaired cellular
immunity in malnourished children as well as defects in opsonization, but ^
normal phagocytic and bacteriocidal activity. The possibility that the effects
of malnutrition in the female can be vertically transmitted in some way to

continuous generations of offspring remains an unresolved issue. Other ongoing
studies focus on immunologic parameters in malnourished newborns through the

first 18 months of life. One interesting finding has been incredibly elevated
levels of IgE in malnutrition the cause of which is not yet understood.

Future aims include:

a) Improved understanding of the cellular immune defects associated
with severe and moderate malnutrition, including the reversibility
of these deficits (specific nutritional deficits involved and the

critical time in development).

b) Study of opsonization defects that have been reported in mal-
nourished children.

c) Emphasis on well-planned animal model studies where human studies
are not feasible.

#

6. Developmental Pharmacology - Another DEN research focus is developmental
pharmacology. Pharmacologic agents in the pediatric age groups are too fre-
quently used empirically; knowledge is often not available properly to guide
the physician who is providing therapy. It is not sufficient to reduce dosages
on the basis of continuing changes in size, weight or chronological age of th^fc
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patient. More knowledge is needed on specific drug action in the developinghuman organxsn,. Without such knowledge, either toxic levels or inadequate therapymay ensue. These considerations are especially important because of the markedincrease in the use and exposure not only to therapeutic agents but also toenvironmental chemicals which may be harmful to children.

Recent studies of the antihypertensive agent, hydrochlorothiazide (HCT) inhypertensive and renal-insufficient children have been completed. No clearcorrelation between any adverse reaction and excessive accumulation of HCT insuch patients has been shown, but the studies are continuing in order to determinewhat dosage and blood levels correspond best to maximum antihypertensive effectsin this population.

Another NICHD-funded study of the diuretic agent furosemide in childrengenerated a hypothesis of this drug's action on the renal tubule in producingthe diuretic effect. When this experimental model was applied to clinicalsituations It assisted in predicting which individuals would be refractoryto furosemide therapy and how best to remedy the problem. These studies willbe continued as well as metabolic studies of this drug to understand the mech-anisms underlying its action.

I'
D^^el°P'°ental Gastroenterology - In order for a nutrient to function indevelopment it must first reach the site of metabolic activity. The initialbarriers to this process are the digestive and absorptive capabilities andcapacities of the developing gastrointestinal tract and its auxiliary organsthe liver, biliary system and pancreas. Little information currently exists

'

concerning the critical roles played by these organs in efficacious nutritionduring the developmental period, particularly during fetal life, infancy andearly childhood. A milestone of progress in this area was the appearance atthe beginning of FY 78 of a Request for Grant Applications (RFA) entitledInfant Nutrition. This RPA outlined many research questions relating to developmental gastroenterology and called for receipt of grant applications by March 1,1978. Approximately 200 letters of intent were received, of which one-thirddescribed research in developmental gastroenterology. At the time of this writingabout 30 new applications that pertain to this program area are under review.

efforts bi DM st^ff°h"
''''

'? 'r'"'
'" '' ''• '" ^^^^^i-' -S-o- programmingefforts by DBN staff have resulted in many more applications for both programprojects and research grants that will be reviewed in Council Year 1979Despite the small size of this program two significant research advances

emerged in FY 78, one a successful animal model for nutritional therapy
in utero and the other an understanding of the regulation of the appearanceot intestinal sucrase by corticosteroids.

Another important activity in this program area is a conference entitled
Gastrointestinal Development: Current Status and Future Prospects of Research"to be held in September, 1978. The conference will stimulate this researcharea by bringing together scientists from a variety of disciplines that relate

^h/M?^Hn'"'"^"'^^
development, and it will also provide valuable guidance tothe NICHD regarding future plans for research support.

An important research question that combines nutrition and developmental gastro-
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enterology is how human milk affects the growth and maturation of gastrointes-
tinal mucosa. In FY 79 special effort will be made to define growth factors
in human milk. Another research thrust in this area will encourage studies
on the biliary tract to define changes in bile salts and bile acid turnover
that are associated with different nutritional intakes (human milk, cow's
milk, soybean-based formula etc.).

8. Developmental Nutrition - This program funds studies that focus on the infr-
action of nutrients and developmental processes. Projects in this area incli^«;':

vitamin metabolism in development; dietary cholesterol and lipid metabolism;
metabolic effects of intravenous amino acid solutions; the relationship of
protein and trace metals to growth; the relationship of nutrition to brain
cell growth during development and the relationship of nutritional deprivation
during development to brain function and behavior.

An important problem in this area is the assessment of nutritional status.
Few tests in use today reflect specific aspects of metabolic function. In

order to gain this precise information, it will be necessary to measure the size
of intracellular metabolic pools of amino acids, carbohydrates, lipids, and
other metabolites that are critical to cellular metabolism. To remedy this
situation the RFA Infant Nutrition specifically requested applications directed
to the development of new techniques of nutritional assessment.

9. Infant Nutrition - The DBN Branch has a strong interest in the area of
infant nutrition and in elucidating the roles played by diet in infant develop-
ment. Research interests focus on the nutrient requirements of normal, prem^f re

and growth-retarded infants, as well as around analysis of human milk, cow's
milk and synthetic formulae in relation to optimal infant nutrition. Other
important problems of infant nutrition relate to the immunological properties of

human milk: Does feeding synthetic formulae contribute to the development of
allergic reactions to bovine milk and other immunologically similar foods? Does
the absence of human milk from the infant diet delay or impair the infant's
immunologic competence? These and other issues in this program area were ad-
dressed in the RFA Infant Nutrition . In response to this aspect of the RFA
approximately 60 applications were received and are currently being reviewed.
The successfully competing applications will be funded in FY 79.

A major achievement of the Infant Nutrition Program in FY 78 was the award of
a contract entitled "Evaluation of Breast Milk for Banking" that focuses on
developing procedures for the collection, storage, processing, and distribution
of colostrum and human milk. In addition the contractor will evaluate the

variability of human milk as a result of a variety of nutritional and social
factors. Ml

10. Obesity and Childhood Antecedents of Adult Disease - This program
concentrates primarily on studies of obesity, insulin resistance and diabetes
in childhood and adolescence. Of major importance is a large consortium grant,
now in its third year, which aims to determine the natural history of obesity
in a population of 2500 individuals each of whom is enrolled in one of seven
longitudinal studies which started forty or more years ago. Progress had been
good in view of the size and complexity of the study. w
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An important research advance was made in FY 78 by one of the grantees supported
by this program. He found that fat cells from obese children display diminished
responses j^i vitro to the lipolytic effects of epinephrine when compared to
those from non-obese children, regardless of age. This is the only metabolic
defect reported in obese subjects that is not ameliorated by weight loss. This
differential response should be useful as an indicator of children at risk
prior to the development of gross obesity.

On December 1, 1977, the first Major Research Program (MRP) of the DBN Branch
was funded for a period of 5 years. The MRP is entitled "Physiological and
Developmental Mechanisms in Diabetes," and was awarded to Dr. Robert Greenberg
of the University of New Mexico. This MRP is designed to clarify the effect of
diabetes during pregnancy on the incidence of infant mortality, prematurity,
congenital defects and other infant morbidity in the Pima Indian population.
The Pimas comprise an important group to study in this regard because they
have the highest prevalence of maturity-onset diabetes in the United States.
The MRP also consists of other projects aimed at elucidating the development
of the control of fuel metabolism in infants who are normal or premature
or who are offspring of diabetic mothers.

In April, 1978, the DBN Branch issued a Request for Contract Proposals (RFP)
entitled "Genetic Linkage Analysis of Juvenile Diabetes Mellitus." The aim
of this RFP was to seek proposals designed to search for a genetic marker or
markers associated with juvenile diabetes mellitus. This RFP represents the
crystallization of recommendations made by the Genetics Task Force in February,
1976, and by the Workshop on Early Detection of Potential Diabetes in June, 1977
Eleven proposals have been received and are currently under review.

Other Programmatic Activities

1. Research Training - Research Training activities within the DBN Branch
center on basic and clinical programs in developmental biology, developmental
immunology, genetics, endocrinology, neurochemistry , and nutrition. Research
training in these fields emphasizes study of those events, both normal and
abnormal, that affect growth and development. The DBN Branch supports two types

The DBN Branch supports two types of research training programs: training
grants and fellowships. In FY 78 a total of 12 training grants (4 TOl; 8 T32)
were active with total awards of $1,026,833. Twenty-two post-doctoral fellow-
ships (F32) were active in FY 78 with total awards to date of $282,832. In
addition 19 research career awards were active in FY 78 with total awards
to date of $658,000.

2. Clinical Trials - The DBN Branch reports support of all clinical trials
each year. This is accomplished using the guidelines, formulary, and
definition of clinical trials funded in FY 78 are concerned with the impact
of nutritional intervention during pregnancy, infancy, and childhood on
subsequent physical and psychological development. The third is designed
to establish specific criteria for tonsillectomy and adenoidectomy by means
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of a prospective, randomized, carefully conCrolled clinical trial. The princl^^l
investigator of this study has evaluated over 1100 children since the inception
of NIH funding in 1973. This project achieved an important landmark within the

past year with the discovery that an undocumented history of recurrent sore
throat is not an indication for tonsillectomy, no matter how impressive the
history. In a prospective study of 65 children with complaints of recurrent
pharyngitis during a year of observation, only 11 experienced episodes of throat
infection with clinical features and patterns of frequency conforming to tho^^
described at presentation. A report of these findings appeared as the lead ^^
article in the New England Journal of Medicine , 298 , 409-413, February 26, 1978.
An accompanying editorial was written by Dr. Robert Haggerty stressing the
important implications of these findings.

3. Liaison Activities - The three professional staff members of the DBN Branch
have been active in the first two years of the existence of the Branch in repre-
senting the Institute on various Departmental, NIH and other Committees.

Dr. Grave serves as the NICHD Representative to the NIH Nutrition Coordinating
Committee and to the Intra-NIH Diabetes Coordinating Committee.

Dr. Dayton serves on the PHS Task Force on School Health; the Cystic Fibrosis
Coordinating Committee, and until October 30, 1977, served on the PHS Interagency
Genetics Coordinating Committee as Executive Secretary responsible for the pro-
duction of the first Annual Congressional Report on the Administration of the
National Sickle Cell Anemia, Cooley's Anemia, Tay-Sachs, and Genetic Diseases^^
Act (P.L. 94-278). This particular task took the better part of FY 77 and fc^P
his services Dr. Dayton received a Special Merit Award in June of this year.

Dr. Fjellstedt represents the NICHD on the NIH Coordinating Committee on Diges-
tive Diseases and the U.S. -Japan Malnutrition Panel. He also serves as Liaison
to the Food and Nutrition Board, Committee on Nutrition of the Mother and Pre-
school Children, NAS , and as Liaison to the Committee on Nutrition, American
Academy of Pediatrics. In addition he serves as the NICHD Alternate Represen-
tative to the NIH Nutrition Coordinating Committee and as Liaison between the

Office of Clinical Nutrition and Early Development and the Developmental Biol-
ogy and Nutrition Branch.

Some of these committee memberships have entailed more work than others. In

nutrition there has been a great flurry of activity, both substantive and sym-
bolic. Three volumes of material have been generated by the requests of the NIH
Nutrition Coordinating Committee and the NICHD responses to that Committee, much
of it destined for various bodies "downtown," notably the Office of Technology
Assessment; the Office of Science and Technology Policy; the Subcommittee on
Nutrition of the Senate Agriculture Committee; and the Domestic and Internat iorT-

al Science Planning Analysis and Cooperation Subcommittee (DISPAC) of the House
Committee on Science and Technology.

The great amount of Congressional and public interest in nutrition has engen-
dered much activity at NIH, including the formation of the Office of Clinical
Nutrition and Early Development at NICHD. The staff of the DBN Branch have
worked closely with Dr. Kretchmer, Dr. Van Robertson, and Ms. Notopoulos in

developing this new program over the past nine months.
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NICHD Annual Report
October 1, 1977 through September 30, 1978
Developmental Biology and Nutrition Branch

Contract and Collaborative Research

Contract Number: NOl-HD-4-2859
Contract Title : Interactions Between Malnutrition and Infection: Anti-

bacterial Defenses in the Newborn and Responses to Measles
Virus in Malnourished Children

Contractor : Pan American Health Organization, Institute of Nutrition for
Central America and Panama (INCAP)
Juan J. Urrutia, M.D., Michael Katz, M.D., and Gerald T.

Keusch, M.D.
Money Allocated: None in FY 1978

Two research projects dealing with the general subject of the interactions
between malnutrition and infection have been carried out concurrently at INCAP
in Guatemala. These two studies were carried out in isolated Guatamelan Indian
Villages where the population of infants studied and their growth, morbidity
and mortality have been exceeding well characterized over the past 12 years, and
the observation made that growth, morbidity and mortality were inversely related
to birth weight.

Project 1) is concerned with host defneses in malnourished children including
antibacterial defenses in infants and children and lymphocyte function in the
newborn. The question to be investigated was whether intrauterine growth re-
tardation exerts an adverse effect on antibacterial activity of leukocytes at
birth, and whether such an abnormality might identify those infants at high risk
of infection thereafter. Laboratory methods were set up for the field condi-
tions. Studies have been done on nineteen low-birth weight infants, twenty-one
intermediate birth weight infants, and sixteen adequate birth weight infants.

The major prelimin-ry findings of these studies indicate that phagocytosis,
phagocytosis-associated stimulation of the hexos monophosphate shunt, and intra-
cellular bacterial activity against Staph, aureus and E. coli are all normal in
low, intermediate and adequate birth weight babies. In contract, opsonic
activity against both test organisms is significantly decreased in both low and
moderate birth weight infants.

Project 2) involves responses to measles virus in malnourished children. The
focus is on determination of antibody response to natural measles infection,
and to live, attenuated measles vaccine virus as well as attempts at isolation
of wild measles virus from malnourished children and characterization of iso-
lated strains. In summary, these investigators have a) identified a nine-year
persistence of the "early" measles antibody among children who had measles in
1965. This is in contrast to what has been observed in the USA and Europe,
b) it was noted that a 12% rate of sero negativity three years after adminis-
tration of live attenuated measles vaccine, and c) the investigators have failed
to isolate a wild measles virus.

Analysis are now to be done to correlate these immunologic parameters with data
growth, infectious experiences and nutritional status. The final progress
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report is not available. -Data still remaining in Guatemala must be organize!
and in three investigators plan to write a final summary report in November-
December 1978 as a team effort in Guatemala.
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Developmental Biology and Nutrition Branch

Contract Number: NOl-HD-5-2851
Contract Title : Interrelationships of Early Malnutrition, Immunologic Com-

petence and Immunity to Measles
Contractor : University of California, Los Angeles, California

Charlotte G. Neumann, M.D. and E. Richard Stiehm, M.D.
Money Allocated: FY 78 - $20,000

This is a longitudinal study being undertaken in Nairobi, Kenya. At least 75
maternal-newborn pairs in which the baby has intrauterine growth retardation
(birth weight less than 2 S.D. below expected for gestational age) are being
studied. Seventy-five control maternal-newborn pairs are also being studied.
A detailed history, physical examination, and clinical nutritional assessment
are done, including a search for the clinical findings of intrauterine growth
retardation as proposed by Dubowitz. Immunologic, nutritional and serological
studies on cord blood and maternal sera include measles antibody titer, a

nutritional battery, immuno-protein battery, and T and B cell lymphocyte
enumeration and functional assays.

Specific studies of the mothers are achieved at time of delivery and six months
postpartum; infants are studied at birth, six, seven, eight, nine, twelve, and
eighteen months.

After six months, as many as possible of these infants (estimated at approxi-
mately 50) are followed up for repeat clinical, anthropometric, serological,
nutritional and immunologic studies. Then the infant is given live attenuated
measles vaccine, and observed for vaccine side effects. Thirty to forty days
later, blood is obtained for cellular and antibody studies. In addition, the
lymphocytes are frozen for in vitro assays of measles, cellular immunity, and
B and T cell cytotoxicity assays.

Six months to one year later these infants are restudied. Those in which there
are immunologic or nutritional abnormalities have repeat immunologic and
nutritional testing. All have repeat measles serologic studies and cellular
immune studies to determine the need for revaccination.

Specific Objectives of this Study : A. Study the immedicate postnatal and long
range immunologic defects associated with varying degrees of intrauterine mal-
nutrition. B. Determine the immunologic and the nutritional correlates of

varying degrees of intrauterine malnutrition. C. Study the incidence, causes,
and consequences of measles vaccine failures.

Preliminary Results : The most clear cut finding thus far is that the percent

of rosette-forming cells or T-cells are reduced in intrauterine growth retar-
dation, not only in the less than 2,500 gram group but to a lesser, but definite,
extent in the 2,501 to 2,800 gram group of small for gestational age infants.

Recovery seems to occur 6 months, but not completely. However, postnatal mal-
nutrition and viral infections can also suppress cellular immunity and further
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analysis will help to sort out these variables. W
B-vitamin deficiencies, particularly riboflavin, pyridoxine and thiamine werefound to be widespread ainong the mothers and began to appear at age six monthsin the infants, all of whom were being breast-fed. Iron deficiency also beeanto show up in infants at the age of six months. This contract has been
extended until December 1978 because of unavoidable delavs in obtaining biolo-gical specimens in the field. However, all data have been collected and a Afinal data analysis and progress report is being prepared for that date "
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Human Learning and Behavior Branch
Center for Research for Mothers and Children

The Human Learning and Behavior Branch promotes and supports research and
research training pertaining to normal and abnormal development of the pro-
cesses of learning and communication, including biological, psychological,
and social aspects. Studies are supported which aim to understand the
interaction of social and environmental factors and how various mixes of
these factors affect the development of human behavior from birth through
maturity. This Branch gives special attention to the speech and language
processes and the development of the ability to read, and to those factors
which may contribute to abnormalities or disorders in these processes and
skills, e.g., developmental dyslexia. Attention is also given to person-
ality and social development, early parent-child interactions and families
with a special interest in the biological, environmental, and social effects
on learning and behavior including those factors which contribute to the
onset of smoking and other potentially self-destructive behaviors.

During this reporting period the HLB Branch sponsored two research confer-
ences and a workshop. The first conference was entitled. Child Phonology:
Perception, Production and Deviation. The purpose of the conference was
to bring together scientists who are working on different aspects of child
phonology including investigators of the development of speech perception
and production capabilities of infants and young children. In addition
investigators who are studying children who have not achieved normal
phonology were invited to participate. Study of the cognitive and commu-
nicative development of the human, basic to the mission of the NICHD, should
also yield valuable information concerning early diagnosis and prevention
of speech and language disorders. Much of the material covered at this
conference was based on unpublished data which should stimulate considerable
thought and further research when the conference proceedings are published.

As part of the HLB Branch's continuing attempt to understand the reading
process and why some children fail to read, 25 experts from this country
and several foreign countries met to examine the process as it must be

applied to reading various languages. The conference, the eighth in the
HLB's Communicating by Language series, was co-sponsored with the Fogarty
International Center; the Office of Maternal and Child Health, HSA; the
National Institute of Education; the National Institute of Neurological
and Communicative Disorders and Stroke; and the National Institute of
Mental Health.

The conferees addressed the following major questions: Given the special
nature of the written symbol system used to represent a given language,

1. What is the nature of the beginning reader's task? What
must the child learn to be a successful reader?
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2. IVhat is the rationale for the instructional (including
remedial and therapeutic) processes for teaching reading
in that language?

3. IVhat research should be conducted to help us better
understand the reading process and the relationships
between orthography and reading?

The conferees were invited to address specific issues within these bounds
ranging from strategies utilized in reading specific symbol systems to
problems in the design of new writing systems. Orthographies of such
languages as Japanese, Dutch, Hebrew, Russian, Serbo-Croatian and English
were examined and compared.

The HLB Branch workshop focused on the behavioral research issues concerned
with the prevention of smoking in children, as part of the Secretary's
initiative on Smoking Prevention. The Institute, with the concurrence of
the Secretary, broadened the research initiative to address not only the
prevention of smoking but also the prevention of a range of harmful health
habits, such as substance abuse (drugs), poor nutrition, and risk-taking
behavior, as well as the promotion of sound health habits and attitudes in
children. Participants at the workshop identified relevant areas of research
within the broad areas of role modeling, peer and family influences,
influence of mass media, and attitude formation as these affect the develop-
ment of health behavior. Also cited was the need for longitudinal research ^
to identify factors associated with the initiation, maintenance, and w
cessation of smoking and other substance abuse behavior, as well as procedures
to identify children "at risk" of assuming behavior harmful to health. The
workshop participants also produced a list of research investigators working
in smoking and related behaviors.

Training for Research

Under the National Research Service Award mechanism the HLB Branch supports
two types of research training programs, training grants to institutions
and fellowships to individuals. These programs range from physiologically-
oriented approaches, such as training for the study of the use of EEC power
spectral density to index infant language, to interdisciplinary approaches
that more broadly attack problems of human development.

In the training of individual postdoctoral fellows and pre and postdoctoral
trainees under training grant support, the effort has been to avoid programs
that simply produce "faded carbon copies" of the mentor. Rather, the ^j^
programs are designed to assure that the next generations of scientists
will be able to build upon the combined strengths of their teachers and then
continue to grow into even better and more creative scientists who are
capable of solving major learning and behavior problems through innovative
research

.
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Learning, Specific Learning Disabilities and Human Communication

The HLB Branch supports research that focuses on the learning process,
the way individuals acquire, extinguish, or modify knowledge, skills, and
habits, or behavior. Areas of major concern include studies of attention,
perception, psychomotor and sensory processes. .Also included are investi-
gations of conditioning, discrimination, memory, concept formation and
reinforcement. Socialization factors related to motivation and competence
are promoted along with biological and behavioral studies of learning and
performance

.

The HLB Branch also supports studies that relate to the biomedical and
behavioral processes and mechanisms involved in the development of normal
communicative skills and those factors which may interfere with normal
development. The role that communication plays in human growth and develop-
ment is also an area of concern. Current emphasis is on studies of the
acquisition and development of such skills as speech, language and reading
with a special interest in the communicative disorder, developmental dyslexia.

Developmental dyslexia, or specific reading disability, is a term used to

refer to children whose skills in reading are below e.xpectation. These
children do not have sensory deficits, appear to be fairly articulate in

oral language and their measured intelligence is within normal limits.
Research results in this area are contradictory and therefore rather
inconclusive.

HLB Branch research has found, however, that most young children who fail to

learn to read have no difficulty learning to identify the letters of the

alphabet and their sounds. Their problems lie elsewhere. It is evident that

learning to read is not a simple matter of associating sounds with written
symbols nor is it a matter of rote memory of the visual appearance of words.

If he is to be able to read new words, the reader of an alphabitically-
written language must associate the written letters with the elements of the

spoken word. In order to do this he must understand that the spoken word

can be divided into meaningless segments called phonemes. Apprehending words
as strings of consonant and vowel sounds requires a very abstract level of
analysis and HLB supported research has shown, not surprisingly, that young
children find it hard to do. Moreover, it has been found that children who
can not segment words into phonemes have great difficulty in learning to

read. (We expect to find similar results even in languages that have

simpler spelling systems than ours.] The effects of difficulties in seg-

mentation may be seen in the kinds of reading errors that occur. For example,
vowel errors are more numerous than consonant errors and pattern differently.
These findings could not reflect problems in differentiating the letters as

shapes. Instead, the mistakes of beginning readers demonstrate the intimate
and complex relation between reading and speech.
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Other evidence of this relationship has been observed by HLB Branch ^
research in Yugoslavia. The major language of Yugoslavia--Serbo-Croatian--is
read in two alphabets, the Roman and Cyrillic. The order in which the
alphabets are acquired depends on geography; in the eastern part of the country
Cyrillic is learned in the first grade and Roman in the second: In the
western part of the country Roman is learned in the first grade and Cyrillic
in the second. Two results of HLB Branch research in Yugoslavia bear
significantly on the general problem of reading. Learning an alphabet seems ^
to be a preliminary skill which once accomplished is soon overridden by
skills of a much more fanciful kind, such as reading words and comprehending
sentences. We would not expect, therefore, mature and competent readers to

exhibit vestiges of their original acquisition of the alphabet.

HLB Branch research, however, shows that the order in which the two alphabets
are acquired leaves a profound impression on the letter decoding processes
of competent adult readers of Serbo-Croatian. It now appears that one '

s

original experience with the letter-sound correspondencies of a_ language
leaves a_ permanent mark on one ' s subsequent performance as a mature and
sophisticated reader of the language . A second result from research with
bi-alphabetical readers of Serbo-Croatian suggest that in making the trans-
lation from written word to meaning, a mature reader can not avoid the
phonetic form of the word, that is, implicitly sounding-out the word. Whatever
the reason for this, it suggests that even in advanced readers, reading is

closely related to the mechanisms of perceiving speech .

Another grantee has been investigating the memory capacities of specific w
reading disabled children as this might relate to their IQ profile ontheWISC.
Those children who were high on verbal IQ and low on performance IQ were
even better than normal readers in recalling words presented auditorially,
whereas those with low verbal IQ and high performance IQ were the same as

normal readers. The results of this study suggest that there are different
types of dyslexias and children diagnosed as such are not a homogeneous
group.

Research supported by the Branch has also revealed that the infant's capacity
to differentiate between different visual stimuli is also very impressive.

For example, three month old infants can recognize the differences between
highly contrasting photographs and simple figures which differ in both form
and color. By four months they can distinguish between fabric swatches
varying in color and pattern, red and yellow figures varying in shape only,

black and white patterns of circular forms, and in simple rotating forms.

In addition visual memory in young infants is being investigated by several
grantees

.

^k

At the Yerkes Primate Center of Emory University, chimpanzees have been
taught to communicate specific information which they use cooperatively to

solve problems. They communicate this information through use of an abstract
visual symbol system which is computer monitored. One chimpanzee, for example,
identifies by name a variety of hidden foods and drinks to a second chimpanzee
so that it, in turn, can ask a human attendant that it be given to the two

of them. The validity of the second chimpanzee's request is verified by ^^
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requiring that it point to a picture of the item requested on the basis
of the information obtained from its partner. In addition, if one chimpanzee
needs a tool to obtain food or drink, it can ask its partner for it and he
will comply. They also will ask one another for specific foods which only
one of them has at a given time. These requests result in one chimpanzee
giving all of its various foods, piece by piece, to the other.

Collectively these findings provide important leads regarding the nature
of words and the conditions under which they are learned and used. They
also define factors which result in chimpanzees learning behaviors not native
to their species, but possibly basic to the emergence of civil, social
behaviors in the developing child.

During this reporting period the Human Learning and Behavior Branch provided
support for 75 research programs in the subareas of learning, cognitive
development and human communication. This included 52 research grants, 5
program projects, 8 training programs, 1 career development award, 6 post-
doctoral fellowships and 3 contracts. Thus, that part of the HLB Branch
which supports research and training for research related to learning and
its disabilities plus the special problems associated with human communication
represents about 61 percent of the total number of programs supported by
HLB Branch.

Personality and Social Development

This research area has gained further importance this year, primarily
because of the Secretary's initiative in smoking prevention.

Cigarette Smoking Behavior : An anticipated $2.5 million in the FY 1979 budget
for the HLB Branch will be allotted to research in the behavioral antece-
dents of smoking and other self-destructive behaviors in children, as well
as the promotion of sound health habits and attitudes. During the current
period of reporting, a request for research grant applications (RFA) was
issued under the title of "Health Promotion and Prevention of Smoking and
Other Behaviors Detrimental to Health." Fourteen investigators submitted
research grant applications for the first review cycle, and a still larger
number is anticipated for the second filing date in FY 1979. In addition,
a contract request for proposals (RFP) has been initiated with the hope
of funding several short-term longitudinal studies to identify the social
and personality factors largely responsible for the establishment of habitual
smoking in adolescents. In conjunction with the smoking initiative, the
HLB Branch prepared, under contract, a critical review of the literature on
the initiation of smoking in children, which will be one chapter in the 1979
Surgeon General's Report on Smoking and Health.

Other Research : IVhile current funds for personality and social development
amount to less than 15 percent of the total 1978 budget for the HLB Branch,
the variety of studies supported is impressive. Studies include personality
characteristics and development in children and adolescents; development of
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motivation, self concept's, origins of temperment, and early emotional "
development in children. Other research is concerned with the development
of social behavior, sharing behavior, altruism, and moral development. Also
studied are the relationships between children and their parents or care-
takers and the development of social competence in premature and full -term
infants

.

The behavioral aspects of children's health and illness is receiving new ^
interest, not only in relation to the smoking initiative, but in terms of

"
the behavioral effects of iron deficiency, the effect of the chronically
ill child on the family, and the relationship of children's health beliefs
and behavior to those of their parents. In addition two grantees are
organizing workshops in this general area; one is focused on psychosocial
risk factors during the prenatal and neonatal period, and the other is
examining human pregnancy, birth, and early childhood rearing from a cross-
species and cross-evolutionary perspective.

Parent-child interaction continues to attract researchers. Animal studies
supported by the Branch have focused on maternal behavior in primates in an
effort to identify the critical factors important in establishing social
bonding between the mother and offspring. One grantee is comparing the
responses of young monkeys reared with inanimate surrogate mothers to those
reared with natural mothers to see if they differ in their ability to
recognize the "mother" in a maze-type situation, and another investigator
is studying the role of olfaction in the development of the infant monkey'^,
recognition of, and attachment to either its maternal or surrogate mother.

w

In human studies, one question being asked is: To what extent is the
interaction pattern of mother and premature infant different from that of
the mother and full-term infant, and do distinct patterns emerge such that
one can distinguish early those children who will become socially competent
("social stars") in contrast to those who will be socially inept? Two
groups of infants, prematures and full-term, will be studied with their
mothers for the first four years; both groups will be drawn from lower-income
families. The children's development and behavior will be assessed by
various developmental and neurological tests as well as by home observations.

A longitudinal study funded by the HLB Branch has focused on the process by
which boys, 10-20 years of age, acquire moral values and how parental moral
values relate to those of their children in the same time period. Cross-
cultural data from Taiwan, Malaysia (aboriginal), Turkey, and Mexico
(Yucatan) are also being analyzed.

Altruism is the focus of two other studies: One concerns sharing behavior
in infancy, the other examines the child's social learning of charitable
behavior. In the latter study elementary school-age children, through a

series of operant conditioning e.xperiments , receive tokens for charitable
behavior to peers, with the emphasis on getting the child's explanation of
his own helping behavior and of being helped by others. The investigators
have also devised an experiment, based on Hartshorne and May's 1929 study

278



of altruism, to determine whether the helping behavior developed in children
5-12 years by modeling techniques is lasting, durable, and unaffected by age.

As part of its continuing interest in the adolescent, the HLB Branch supports
a study of the development of the self concept in adolescence. A self-
concept scale and tests of interest are being administered to children in

grades 5 through 12, once or twice a year over a three year period to assess
the role of motivation in the development of the self concept.

Another HLB grantee is asking the question, "How do the experiences of the
adolescent alter his or her adult life, particularly in terras of sex role
differentiation?" Drawing on data collected by James Coleman on 9,000 high
school students in 1957-58, this grantee sent subjects a follow-up question-
naire 15 years later. The responses received are now being analyzed to see
how adolescent and post high school experiences have contributed to adult
sex role differences and personal esteem, including a comparison of women
who are solely horaemakers and those who also work outside the home.

The post adolescent period is also the focus of another study which is

collecting extensive biographical data on a large group of college students.
Using factor analysis, the investigators have grouped responses to the
biographical inventory which identify clusters of people who are relatively
homogeneous with respect to their experiences; 25 male subgroups are being
contacted after college graduation to determine whether the original
clusterings remain valid.

During this past year the Personality and Social Development area supported
twelve research projects, three research career awards and five fellowships.
This represents 16 percent in number of the Human Learning and Behavior
Branch's research program.

Developmental Behavioral Biology

All behavior is a consequence of interactions between genotype and the
environment. Evolutionary advanced mammals, primates and Homo sapiens , in

particular, are characterized by genotypical structures which permit an

extraordinary degree of environmental influence upon behavioral development.
The biological structures of most interest and relevance to behavior are

central nervous system structures, specifically the brain. The primate brain

is highly immature at birth and is strongly influenced in its course of

development by the social and physical environment. Impoverished and

stressful environments are known to adversely affect brain development and

ultimate behavioral capacities which reflect underlying brain processes.
Complex behaviors that involve: a) cognitive and symbolic processes (e.g.,

reading, mathematics, music and art); and b) social-emotional relationships
which influence family and societal stability; social mores; and concepts

of justice, equality, human rights and morality, are all of a consequence

of mediating brain processes. It is for these reasons that the study of

brain/behavior relationships is central to any program of activity concerned

with the variants of human learning--cognitive, social and emotional.

279



Methodologies available to study human brain function and behavior are clearl"
limited. Invasive procedures such as morphological and neurochemical
studies of the human brain are clearly not possible, as are implanted
electrode studies.

The primary methodology available to study human biological brain processes
is the evaluation of electrophysiological activity recorded from surface
scalp electrodes. These "signals" from the brain are subjected to rigorous ^
mathematical quantitative analyses which permit some degree of objectivity, ^
reliability, and validation of measurement.

The neuroendocrine system also influences brain function and vice-versa
which provides another biological measurement tool, although indirect, of
brain function which can be related to behavior functions and life experiences.

Behavioral genetics is another methodology which seeks to trace genotypical
influence upon behavioral as these influences are modulated by environ-
mental factors. The HLB supports both human and animal behavioral genetic
studies but the emphasis is on human studies. Since animal studies permit
direct studies of brain development and behavior that can not be conducted
with humans, such animal studies are supported as part of the Human Learning
and Behavior Branch's research program.

Subsequent to the NICHD publication "Perspectives on Human Deprivation:
Biological, Psychological and Sociological" (1968) a special program ^
effort has been made to develop a better understanding of the sensory neuro- W
biological processes which mediate the learning of social and emotional
behaviors. In the pursuit of these objectives a number of animal studies
(from mouse to primate) have been supported to document the effects of
"maternal-social" deprivation or "social isolation" upon brain development.
Such studies have shown that the early rearing conditions of social
isolation, which produce substantial abnormalities in social-emotional
behaviors, also result in altered brain development and function. Contract
supported research during 1968-1970 led to the confirmation of abnormal
spike discharges in deep brain structures of the maternally-socially
deprived monkey. A current grant supported research program (Austin H.

Riesen) has also confirmed abnormal morphological development of brain
cells in primates reared under conditions of "maternal-social" deprivation.
Riesen has reported significantly fewer dendritic branches in the motor
cortex and somatosensory cortex in the isolation reared animals than in
the normal controls. No significant differences were found in the visual
cortex. These findings support a sensory-specific mechanism (somatosen-
sory) accounting for the abnormalities of brain development and disorders A
of social-emotional behaviors consequent to "maternal-social" deprivation.
These findings have been replicated by Greenough (HD06862) a former NICHD
grantee.
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Future efforts of research activity in this area need to be accelerated since
one research program is insufficient to document the variety of abnormalities
in diverse brain structures and to link these neurobiological abnormalities
to specific disorders of social-emotional behaviors. A particularly urgent
need is to determine the feasibility of applying modern technologies of
EEG signal analyses to the detection of abnormal spike discharges from
deep brain structures in those individuals characterized by uncontrolled,
implusive violence. Success from such a research program would result in

the ability to identify adults who have uncontrolled impluses, particularly,
those who abuse children. It is quite possible that such an advance in

neurosphychological diagnostic could result in a criterion to remove such
violent adults from their children, thereby, preventing additional child
abuse and loss of child life. The research programs necessary to determine
the feasibility of such a neuropsychological diagnostic capability have yet
to be realized.

Other research activities in the behavioral biology program include behavioral
genetics; studies of se.xual dimorphic characteristics of the brain; influences
of hormones, nutrition and environmental factors upon brain/behavioral
development; and electrophysiological and biochemical studies of brain function.

During this past year there were a total of 25 research grants and one
program project in developmental behavioral biology which were supported at

a level of $1,582,000. In addition three fellowships and one training grant
were supported at a level of about $35,000. The total developmental
behavioral biology program was supported at a level of approximately $2 million.
In terms of number of grants this is 28% of the total Human Learning and
Behavior grant program of support; and 4% of the total CRMC support program.

The 26 research programs are distributed by area of study as follows: 4

behavioral genetics; 5 hormonal/endocrine; 4 effects of environment; 5 EEG
and evoked potentials; 4 psychophysiology of automatic nervous system function;
4 brain studies.

The 26 research programs are evenly distributed between human (15) and animal

(15) studies. The above breakdown is approximate since several projects
contain two or more categories of research interest and some projects involve
both human and animal subjects.

Additional studies of special interest include those of Jewett, (HDNS 07991)
"Specific Effects of Auditory Far Fields in Animals" who discovered and
pioneered the development of brain-stem evoked responses, commonly called
Jewett waves which is offering high potential for screening high-risk
newborns for possible brain-stem damage.
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Kaplan (HD 04905) and Levine (HD 02881] have demonstrated that maternal-
infant separation in the squirrel monkey results in a substantial increase
in plasma Cortisol. Similar effects undoubtedly occur in separated human
infants and the effects of elevated plasma Cortisol upon brain development
should be a research issue of some priority.

The paucity of developmental behavioral biological studies on the developing
brain and the effects of the social/physical environment upon brain develop- i

ment and behavior (cognitive, social and emotional) requires a substantial
increase in the level of research and training support if we are to under-
stand the myriad of social and medical health problems that result from
environments that compromise the quality of human development.
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NICHD Annual Report
October 1, 1977 through September 30, 1978

Human Learning and Behavior Branch
Contract and Collaborative Research

Contract Number: NOl HD-1-2420

Contract Title: Research Materials and Assistance for Studies of
Language Development in Children

Contractor: Haskins Laboratories, New Haven, Connecticut
Alvin M. Liberman, Ph.D.

Money Allocated: $87,189

The purpose of this contract is to provide expert assistance and specialized
facilities to research scientists at other institutions who are engaged in
studies relevant to an understanding of the development of spoken language
and reading to children.

1- Research Materials . Stimulus tapes for a wide variety of experiments
continue to be the primary assistance that the Laboratories have provided.
Several methods of generating recordings suitable for research on speech
are available. The techniques can be grouped either by type of stimulus
(natural speech, synthetic speech, or nonspeech tones and' noises) or by
type of recording (single track or dual track). All combinations of these
tapes have been used for one research project or another.

2- Specialized Assistance . The professional and technical staff of Haskins
Laboratories makes its knowledge and skill available to the user groups.
At the very least this involves having someone from the technical^staff
teach the user group how to operate the computer. But it often involves,
beyond that, getting various kinds of help and advice about the more
scientific aspects of the research from members of the Laboratories' pro-
fessional staff. In the end, the user group generates its own tape
recordings.

5. Education about Speech Research . A rather high percentage of the user
groups are fairly new to the field of speech. Consequently, as a by-product
of their visits to the Laboratories, they have an opportunity to become
better acquainted with the entire program of research underway there. Many
have taken advantage of that opportunity.
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NICHD Annual Report ^
October 1, 1977 through September 50, 1978

Human Learning and Behavior Branch
Contract and Collaborative Research

Contract Number: NOl HD-7-2856

Contract Title: Prototype Test of Decoding Skills

Contractor: Bolt Beranek and Newman, Inc. , Cambridge, Mass.
Drs. Ann M. Rollins and Raymond S. Nickerson

Money Allocated: $161,385.

The contractor is attempting to develop a test of reading decoding skills
which will be suitable for children in grades two through five. When the
test is developed the contractor will carry out preliminary data collection
using the test on a group of normal readers (minimum of 80 students, 20 at
each grade level) in grades 2 through 5 to demonstrate that the test is

appropriate at each grade level. If revisions are called for they will
be accomplished and the revised test will be administered to normal and
poor readers within grades 2 through 5.

The subjects in this study will have normal visual and auditory acuity.
Students with IQs (short form of the WISC) less than 90 and more than 125
will not be included in the study. ^
The contractor has been making adequate progress in developing and evaluating
6 tasks as follows: a. Work Identification Task to Test Spelling-Sound
Correspondence, b. A Use-of-Context Task--This task will be modified into
a reading test to assess the effect of context, c. The "Jabberwocky"
Task--Sentences with which the content words are replaced by synthetic words
are being prepared, d. .Approximation- to-English Task--This task may be
used as a measure of automaticity . e. Work Level Proofreading Task, and
f. Reading, Fluency, or Phrasal Synthesis Task.

The Contractor has developed a preliminary version of the test and has
conducted screening procedures for selecting the first sample of subjects.
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NICHD Annual Report
October 1, 1977 through September 30, 1978

Human Learning and Behavior Branch
Contract and Collaborative Research

Contract Number: NOl HD-7-2837

Contract Title: Prototype Test of Decoding Skills

Contractor: Research Foundation for Mental Hygiene, Inc., Albany, N.Y.
Dr. Ellis Richardson

Money Allocated: $71,245

The contractor is attempting to develop a test of reading decoding skills
which will be suitable for children in grades two through five. When the
test is developed the contractor will carry out preliminary data collection
using the test on a group of normal readers (minimum of 80 students, 20 at
each grade level) in grades 2 through 5 to demonstrate that the test is

appropriate at each grade level. If revisions are called for they will be
accomplished and the revised test will be administered to normal and poor
readers within grades 2 through 5.

The subjects in this study will have normal visual and auditory acuity.
Students with IQs (short form of the WISC) less than 90 and more than 125
will not be included in the study.

The contractor has been making adequate progress toward the development of
a suitable test of decoding skills by preparing subtests of phonic skills
and sight-word recognition. They are also generating passages for oral
reading in order to make the distinction between sight and phonic words.
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. NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Mental Retardation and Developmental Disabilities Branch
Center for Research for Mothers and Children

Mental retardation ranks among the most challenging issues within the broad
range of human development problems. No other problem more clearly reflects ^
the broad mission of the NICHD, for mental retardation is a life-span problemW.
requiring for its solution study of the full range of developmental variables.

The inadequately developed intelligence which characterizes the retarded
individual is present early in life and obtains through maturity. Throughout
its course, mental retardation impacts heavily on the individual, his family,
community, and the economic life and resources of our nation. The complex
phenomena subsumed under the term mental retardation stem from many different
causes and are expressed most commonly as the product of multiple biological,
behavioral and social variables in interaction.

The task of bringing this wide and diverse range of phenomena together as a

coherent body of related elements is similarly complex. Central to this effort
is the need to effect synthesis of the many separate but related variables
underlying the retarded condition which can give direction toward solution of

the problem. Within the NICHD, this task is assigned to the Mental Retardation
and Developmental Disabilities Branch (MRDD)

.

Research on the problem of mental retardation also serves the closely related
developmental disabilities of cerebral palsy, autism, epilepsy and learning
disorders. The name of the Mental Retardation Branch was changed last year to

reflect these research contributions to a wide spectrum of developmental
disabilities

.

The primary mission of the Mental Retardation and Developmental Disabilities
Branch is to develop and support research aimed at the prevention of mental
retardation and, when this is not possible, to effect its amelioration.
Progress toward these goals is slow but deliberate and has been marked by
cumulative small gains rather than spectacular breakthroughs.

Legislation was passed (P.L. 88-164) in 1963 authorizing $26 million in con-
struction grant awards for centers for research on mental retardation and

related aspects of human development. These Mental Retardation Research
Centers (MRRCs) were heralded as primary agents for the nation's major thrust
in the attack on mental retardation. Responsibility for this construction gr^
program was assigned jointly to the Division of Research Resources and Facili-^
ties, NIH and the Institute. Continuing responsibility for center program
development and implementation was given to Che Institute and its MR Branch.

The first constructed center was completed and occupied in 1968, four years
after initiation of the construction phase of the program, and the last
center became operational in 1973. In anticipation of the lag between initi-
ation and review of center construction grant applications and completed ^
construction of centers, staff initiated program efforts to bring the centers ^
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into productive operation prior to completion of construction. This was

accomplished through programming efforts with the "paper staffs" listed on

the construction grant protocols and by organizational work with the designated
center directors.

These early discussions resulted in the recommendation, approved by Council
in June 1968, for establishment of the center grants. Center grants and the

guidelines governing their award were conceived of as a means for strength-

ening center administration by adding to its functional identity and

capabilities.

Establishment of the center grant mechanism carried with it the recommendation
calling for establishment of the Mental Retardation Research and Training
Committee (HDMR) . Study of the problems of center administration indicated

that a stable, continuing scientific review body committed to the center's

successful accomplishment of mission was necessary.

The review charge made to the HDMR Committee was scientific review of all

center grants and all program projects, training grants, and fellowships
assigned to the MR Branch. In addition, the committee was charged with
review and report to Council of the relevance of each center's research
activities to their primary mission—"research on mental retardation and

related aspects of human development."

The HDMR Committee (now known as the Mental Retardation Research Committee
consequent to changes made in NIH support of research training) , from its

inception, has met its charge successfully and in accordance with the highest

NIH standards for review for scientific excellence. Its growing experience
with each center has provided in-depth awareness of each center's needs,

capabilities, and limitations against which any one of its immediate review
responsibilities can be discharged.

The program project grant has become increasingly a key element in building
the MRDD Branch. These grants are particularly suited to the purpose of the

MRRCs, for they provide a mechanism whereby multidisciplinary and inter-

disciplinary research can readily be forwarded. In particular, the program
projects offer the opportunity to effect a synthesis of related elements

around a central problem or theme—an opportunity sorely needed in mental

retardation research because of the diverse and interacting variables that

determine the developmental course of retarded individuals. As a consequence

of the advantages offered by the program project, program staff has turned

increasingly to this grant mechanism for program development.

Steady growth of Branch supported mental retardation research activities has

occurred under the programming described above. Measured by the dollar

amount and number of project grants and contracts funded, the pattern of

growth incremented steadily to FY 1975. At that time, the Branch supported a

total of 164 grants and contracts totaling $20,494,000 in support. As of

June, 1978, the Branch supported 141 projects at a cost of approximately 24.9

million. Thus, it is apparent that less research activity is now being
supported although expenditures have increased in an amount approximating the

annual rate for inflation.
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The Branch relies primarily upon research grants to conduct its program of ^
research. The contract mechanism is used sparingly and only for purposes
difficult to accomplish through use of the research grant mechanism. Contract
supported research accounted for less than four percent of the Branch budget
this year. Funded contracts in FY 1978 included: (1) Coordination of Regional
Cytogenetic Registries; (2) Development of an Automated System for Chromosome
Preparation; and (3) Hearing Impairment and Language Disability.

Research Training ft

Approximately seven percent of the Branch budget is allocated for the support
of research training grants and fellowships. Branch programming encourages
interdisciplinary research training accomplished through the institutional
training grant award. As of June, 1978 the Branch supported twenty-two insti-
tutional training grant awards distributed evenly between the biomedical and
the behavioral and social sciences.

Mental Retardation Research Centers

The twelve MRRC's, constructed uner P.L. 88-164 at a cost of $26,000,000 in

federal matching funds, constitute this nation's major research resource into
the problems of mental retardation, developmental disabilities and related
aspects of human development. In keeping with the multiple and diverse causes
and complex nature of these conditions, the centers bring to this research and
research training enterprise a relatively unique capability for multidisci-
plinary and collaborative research between biomedical and behavioral sciences^
in laboratory and field settings. Through these efforts, the centers have
contributed increasingly to an understanding of the etiology and pathogenesis
of mental retardation and related central nervous system disorders and to

programs of prevention, treatment and amelioration.

The dissemination of knowledge to the scientific community and its transfer
from research to practice are corollary objectives of the center program.
The clinical application of preventive and treatment modalities and the
training of professional and paraprofessional personnel to staff emerging
programs is supported by the University Affiliated Facilities constructed
under the same authority noted above. Ten of the research centers have UAF's
as well, often under the same administrative direction and generally closely
integrated on most campuses. The integration of research with service and
training is beneficial to both endeavors and ensures continued focus on the
relevant human problems.

Although a significant portion of the research portfolio in the centers
consists of basic studies, fundamental to an understanding of biological and ^
behavioral processes in animal and human organisms, considerable attention is

directed toward seeking solutions to practical issues and problems. Thus,
investigators in the centers are exploring the impact on retarded development
of deinstitutionalization, normalization, mains tr earning, and various forms of
community placement. These efforts are expected to provide an empirical base
for large scale community intervention and amelioration programs in the years
ahead. ,,^.
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Research in these areas is made possible by the vigorous outreach activities of
scientists and administrators and communication specialists to community edu-
cation, health and social service systems. In addition, most of the centers
have very close working relationships with public or private residential
facilities for the retarded which permits access to subject populations and the
development and evaluation of enriched environmental settings. As a conse-
quence of these studies and others in community-based preschool and day care
programs, models for effective intervention are being developed and applied
in many communities and school systems throughout the country.

The range of research studies being conducted in the MRRC ' s encompasses every
known major dimension of the problem. This concentration of activity is
supplemented by the work of investigators located in other universities,
agencies and research settings. The activities described in the section which
follows represent a few of the research highlights.

BIOMEDICAL RESEARCH
Genetics

Genetic disorders contribute significantly to the incidence of mental retarda-
tion. Among these, Down syndrome (mongolism) is the most frequently encountered
disorder of genetic origin. Genetic research with special emphasis upon the
genetic aspects of Down syndrome has been identified as an area of research
emphasis by the Branch. Significant progress has been made this year in this
area of research.

Investigators at the University of Oregon have studied the parental origin of
the extra chromosome in Down syndrome. Chromosome 21 fluorescent heteromorphisms
were studied in patients with Down syndrome, their parents and their siblings.
Thirty-one of the trisomy 21 cases studies were informative for parental origin
of the extra chromosome and for stage of meiosis. The non-disjunctional event
was of maternal origin in 24 (77%) of cases with 23 occurring in meiosis I, and
1 in meiosis II. Seven cases (23%) were of paternal origin; 5 in meiosis I,

and 2 in Meiosis II. The data suggest that most cases of Down syndrome result
from an error in the first meiotic division in the mother, and that a signifi-
cant proportion are paternal in origin. More cases need to be studied in order
to determine the extent of paternal contribution to Down syndrome. It should
also be determined if the incidence of trisomy 21 rises with increasing
paternal age as it does with the maternal contribution. Our approach to genetic
counseling may have to be revised based on future observations relating to

paternal nondisjunction and paternal age of effect, and the factors which con-
tribute to this cytogenetic abnormality.

Longitudinal followup studies have been made of children with an XXY chromosome
complement (Klinf elter ' s S.) by investigators at the Mental Retardation
Research Center, Boston Children's Hospital Medical Center. Study results
indiciate that nearly all of the boys have impaired expressive language and
speech articulation, and suffer from word finding problems. They score lower
on verbal but not on performance subtests of standard psychometric examinations
when compared to normal controls having balanced autosomal chromosome variation.
The probands are encountering academic difficulty in reading and language skills.
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Other researchers at the Boston Mental Retardation Research Center have inveA -

gated virus-chromosome interactions. They have isolated human cells that
stably carry and express part of the genetic information of Herpes Simplex
virus (type-1). The viral information expressed is for the enzyme thymidine
kinase. Metaphase chromosomes from these cells were incubated with mouse cells
deficient in the enzyme. The mouse cells apparently incorporated pieces of
human chromosomes carrying the viral genes and began expressing the viral
thymidine kinase activity. These results suggest that the Herpes virus genes
are incorporated into the chromosomes in the human cells and that the viral mj
genes can be transferred to other cells via metaphase chromosomes.

Hunter's syndrome (mucopolysaccharidosis II) is an X-linked recessive disorder
in which the reproductive fitness of affected individuals is essentially zero.
It has been estimated that approximately 1/3 of Hunter's syndrome cases arise
from new mutations. In order to provide effective genetic counseling, a test
is required to distinguish between mothers of Hunter's syndrome patients who
are and are not carriers. At the University of California at Los Angeles MRRC,
investigators have developed a test which shows potential for distinguishing
between carriers and non-carriers of Hunter's syndrome. Using a highly sensi-
tive assay system, they have demonstrated that single hair follicles of normal
sub jects have measurable sulfoiduronate sulfatase (the enzyme found to be
deficient in Hunter's syndrome). Hair of an obligate heterozygote for Hunter's
revealed that a proportion of her hair follicles were devoid of enzyme activity
indicating that these hair follicles were derived from cells in which the
normal X-chromosome was inactivated and that the X-chromosome which was active
carried the Hunter's syndrome trait. The hair follicle enzyme test was exter^ 1

to two possible heterozygotes (mothers with one affected child and no family
history). One mother had only hair follicles with normal enzyme levels, leading
to the conclusion that she was not a carrier and her Hunter's syndrome son was
the result of a new mutation. The other possible heterozygote had a proportion
of her hair follicles without enzymes. It was thus concluded that she was in-
deed a carrier. Extension of the test to other obligate heterozygotes will be
facilitated by the investigators to establish its validity and move its appli-
cation forward to the clinical level.

Metabolism

At the University of Washington MRCC, Dr. Bruce Mackler has investigated the

hypothesis that changes in mental functioning may result from altered metabolism
associated with decreased iron-containing enzymes in brain tissue. He
identified one enzyme in rats, aldehyde oxidase, which is significantly reduced
in brain tissue during iron deficiency. A second substance, serotonin, which
is involved in nerve cell function and is broken down by aldehyde oxidase, waa
then studied to determine if concentrations were elevated in iron deficient W
rats. Results showed that the concentration of serotonin was significantly
increased, suggesting limited serotonin breakdown due to aldehyde oxidase
deficiency.

After one week of iron treatment aldehyde oxidase activity increased and
serotonin decreased to within normal limits in the rats. Similarly, it is

noted that behavioral symptoms associated with iron deficiency in humans also^
appear to abate after one week of iron treatment.

"
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This research suggests that some symptoms of impaired mental function may be

related to increased levels of serotonin and similar substances in the brain.
This is supported by the observation that serotonin has been found to produce
drowsiness and decreased attentiveness and ability to learn. This finding has

potential applications for understanding behavioral changes during iron
deficiency in animaJs and humans.

Lead Exposure

Studies of the effects of low level lead exposure in children have in the past
been of limited validity because of small sample size, poor indices of lead

exposure, and lack of sensitive outcome measures. In the Lead Exposure Study
at Children's Hospital Medical Center, MRRC, investigators have developed a

useful marker of lead exposure in older children, the lead concentration in

shed deciduous (baby) teeth. They have analyzed the lead content in 2,200
teeth from children in the first and second grade in Chelsea and Somerville.
Children with high and low tooth lead levels are then brought into the neuro-
psychological laboratory for a detailed examination. After controlling for

social class and other variables, they have found that children with high tooth
lead levels do less well on measures of intelligence, attentional and language
functions than children with lower levels of lead in their teeth.

In addition, when the teachers' ratings of 789 children in the first and second
grand are compared, children with high tooth lead levels are more than twice as

likely to display nonadaptive classroom behavior than low lead children.

Neurobiology

In the course of development of the nervous system, the outgrowths of neural
cells are covered by layers of material which are known as myelin. This
material is produced by cells of the nervous sustem known as Schwannoma cells
which have the specific capacity to synthesize the unique components of myelin.
Failure of appropriate myelination of the axons (nerve processes) results in

marked interference with nerve function since myelin is essential for the

conduction of nerve impulses. Little is yet known regarding the factors which
control myelination.

A new approach to this problem has been developed at the University of Chicago,
MRRC, using the technique of tissue culture. Two lines of cells have been
developed from a rat brain tumor which was induced by treatment with a chemical
carcinogen. These cells synthesize sulfatide, a critical component of myelin.
This discovery makes possible the study of the factors that control myelination.
Already, early experiments indicate that adrenocortical hormones stimulate the

synthesis of the sulfatide component of myelin.

Causes of Neonatal Brain Damage

Two of the most prevalent causes of neonatal brain damage associated with
mortality and severe neurobehavioral developmental disability are kernicterus
and intracranial hemorrhage. Analysis of the experience in the Kennedy Mental
Retardation Research Center's Neonatal Clinical Research Unit at Albert
Einstein College of Medicine has identified two previously unsuspected factors
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implicated in the pathogenesis of kernicterus and intracranial hemorrhage. m^
Kernicterus is usually related to excessively high bilirubin levels that are
often present in premature infants. There is, however, a poor quantitative
correlation between level of hyperbilirubinemia and neurobehavioral deficit.
Our investigators have found that the concurrent presence of culture proven
septicemia has been a necessary condition for the development of autopsy
demonstrated kernicterus. It appears that the infectious process may damage
the blood-brain barrier and permit abnormal transport of bilirubin into the
susceptible brain regions, even at blood bilirubin concentrations that would ^
not ordinarily produce brain damage.

In another study of premature infants with neonatal mortality attributalbe
solely or in part to intracranial hemorrhage, it was found that all infants had
received exchange transfusions for hyperbilirubinemia. Following transfusion
these infants had abnormally high blood sodium levels, a presumptive cause of
germinal plate hemorrhage in prematures. The elevated sodium concentration
was traced to anticogulants utilized in banking the blood for transfusion.
Elimination of these additives may be expected to reduce the incidence of
fatality and brain damage due to intracranial hemorrhage in premature infants
receiving exchange transfusions.

BEHAVIORAL AND SOCIAL RESEARCH

Infant Studies

The detection of early appearing aberrant development is essential to the ^
placement of "at risk" infants and young children in intervention programs
designed to prevent and/or ameliorate later appearing developmental disorder.
Intervention strategies designed to prevent mental retardation consequent to
depriving life circumstances and early biologic vulnerability are dependent, in
large measure, upon early detection of aberrant patterns of development. For
these reasons, the MRDD Branch has emphsized both fundamental and applied
research concerned with infant development. Progress is being made in this
important research area.

Investigators at the University of Washington MRRC, have been studying the
ability of newborn infants to imitate adult facial expressions. This research
has important implications for present concepts of newborn abilities, and for
current theories of social and mental development.

Two experiments have revealed that infants from 12 to 21 days old are capable
of imitating several adult facial gestures; including lip protrusion, mouth
opening, tongue protrusion; and a manual gesture, opening and closing the ^
hand by moving the fingers one at a time. The first experimental procedure
consisted of the investigator presenting a gesture, and then assuming a passive
expression. The infants' responses were videotaped and scored by observers
who did not know which gesture had been presented. For all four gestures pre-
sented in the study, statistical tests revealed that the infants responded
significantly more often with the gesture presented than could normally be ex-
pected. In a second study testing only tongue protrusion and mouth opening, ^
the data again substantiated the newborns' ability to imitate gestures immedi-W
ately after presentation of that gesture.
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According to the investigators, infants may have an innate ability to use

"supramodal equivalences," that is, they are able to equate gestures they can

feel themselves make with gestures they can only see (and not feel). Thus, in

contrast to current theories of infant psychological development which hold that

imitative ability develops much later in infancy, this research suggests that
gestural imitation, and the capacity to use abstract equivalences on which it

is based, may be the starting point in infant development.

Important clinical applications based on these findings are quite probable.
This research would permit the establishment of age-related norms for certain
imitative abilities, and would provide a major screening tool for newborns to

identify potential mental and sensory defects at an age much earlier than was

previously thought possible.

At the MRRC at George Peabody College for Teachers, investigators have studied
patterns of interaction between mothers and their infants. These studies
strongly suggest that mothers of developmentally delayed or impaired infants
exhibit different patterns of interaction than mothers of normally developing
infants. Moreover, these differences can be detected soon after the birth of

the infant. The implications of this finding are important for understanding
the nature of later developmental delay and suggest that interventions should
begin early in the lives of at-risk infants, and further, that a critical point
for intervention lies in the mother-child interactive process.

Further evidence in support of this view comes from researchers at the MRRC at

the University of California at Los Angeles (UCLA) . Here, the UCLA investigators
have found that mutual gazing between mother and child is an important variable
in the child's early development and helps to discriminate between early normal
and aberrant development. Further, the UCLA investigators report that the

social and environmental interactions that follow after birth and the first nine
months of development contribute more to developmental outcome at two years

than do the potentially damaging events of pregnancy, birth, and the perinatal
period.

Neuropsychologic Study of Delinquency

Investigators at the Boston Children's Hospital, MRRC, have made a controlled
comparison study of 14-15 year old adjudicated delinquents and nondelinquent
controls from the same lower middle class environment. The results indicate
that the incidence of minor neurological signs, severe neurological impairment,
and undiagnosed chronic organic illness is significantly higher in the
delinquent than the nondelinquent sample. Adolescents who are identified as

juvenile delinquents appear to have been grossly neglected medically, and to

be at greater risk for serious medical illness; at the same time, they give
clear evidence of impaired central nervous system and psychological function.

However, the incidence of minor neurological signs in nondelinquent lower middle
class controls is also significantly higher than in a previously tested middle
class sample of the same age. The increased incidence of minor neurological
signs may, therefore, be a function of biomedical factors associated with social
class, whereas within social class, adolescents who are detained as delinquents
appear to differ from controls with respect to history of chronic illness and
head trauma, as well as neurological status and neuropsychological function.
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Group Home Care for Mentally Retarded Persons ^
Recent state and federal mandates for deinstitutionalization of mentally
retarded persons have identified group homes as one residence alternative.
Unfortunately, development of group home staff training programs and techniques
have not kept pace with current deinstitutionalization trends. Group home
staff are generally not trained to meet the needs of group home residents in
this demanding job. High job turnover, low job satisfaction, and staff
frustration have been attributed to lack of proper training. ^
Dr. Steven Schinke of the University of Washington, MRRC, has recently completed
a unique training and evaluation project addressing these problems.
Dr. Schinke's study, sponsored by the Washington State Assocition of Group
Homes, compared staff compentencies, attitudes and interactions in group homes
where staff training was provided and in homes where no such training was given.

Twelve homes in the greater Seattle area participated in the study. In the six
homes where training was offered, all participating staff were given the

opportunity to apply their knowledge of behavioral analysis to specific projects
with the group home residents. Typical projects involved helping residents with
grooming, meal preparation, use of public transportation, and other self-help
skills. Staff in the other six homes, not given training, served as controls.
Evaluation of the training program revealed that trained staff showed greater
gains in all areas examined: their knowledge of behavioral techniques increased,
their attitudes improved, and they showed greater satisfaction with their jobs
than did untrained staff. Further, significant gains were noted for trained ^
staff on behavioral and interactional patterns with residents.

This training program is unique among current efforts to train group home staff.
Because training was conducted within the homes, trainers were directly exposed
to opportunities and obstacles for behavior programsin this setting. On-site
training also permitted immediate application of newly learned skills. More-
over, the positive effects of training were achieved with fewer session hours
than many comparable programs. This project clearly shows the importance of

training programs for group home staff. Study findings also suggest that current
deinstutionalization for mentally retarded persons should be supported by
training programs for group home staff who serve them.

Studies of Language and Memory Function

•

Investigators at the University of Washington, MRRC, are studying the effects
of subcortical electrical stimulation on language function and short-term verbal
and nonverbal memory. Tests are performed in the operating room during the
course of brain surgery for medically intractible epilepsy or other surgical
procedures where there is a therapeutic reason for placing a depth electrode in

the patient. The patients, who typically suffer from epilepsy, Parkinson's
disease or stroke, are under local anesthesia and therefore able to respond to

questions.

The investigators have identified various effects of right and left thalamic
stimulation on different modes of retrieval from short-term verbal memory (fr^^k

recall or recognition retrieval); verbal or nonverbal short-term memory, and ^
object-naming (with stimulation of the dominant hemisphere)

.
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They have discovered that accuracy of recall from short-term raembory is
approximately doubled with domimant lateral thalamic stimulation during input.
One aphasic patient had fewer errors in his object-naming performance four
days post-operatively for objects with stimulation during the surgery than those
without it. This discovery may ultimately be useful in improving the functioning
of aphasic patients and possibly patients with learning and language disabilities.
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.NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Mental Retardation and Developmental Disabilities Branch
Center for Research for Mothers and Children

Collaborative Research and Contracts
Summary of Reports

Contract Number: NOl HD-7-2847

Contract Title : The Impact of Foster Family Care in the Development and
Behavior of Mentally Retarded Children

Contractor : Regents of the University of California at Los Angeles

Money Allocated: FY ' 78 - $98,806.00

The purposes of this contract are to determine:

1. Characteristics of children most likely to profit from foster
family care.

2. The kind of socialization and developmental experiences afforded
to such children.

3. The qualifications and characteristics of foster parents conducive
to successful placement.

4. The most appropriate and effective roles of foster family members,
natural parents and agency workers.

5. Special considerations and community supports needed to adapt
foster family care to needs of the retarded.

6. Utilization of foster family care for long term placement.

This project was initiated September 30, 1977 and data collection procedures
and instrument testing are progressing on schedule.

t

296



NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Mental Retardation and Development Disabilities Branch
Center for Research for Mothers and Children

Collaborative Research and Contracts
Summary Reports

Contract Number: NOl-HD-32793

Contract Title : An Investigation of Certain Relationships Between Hearing
Impairment and Language Disability-

Contractor : University of Washington, Seattle, Washington

Money Allocated: FY '78 - $256,916

The objectives of this project are best described in two phases. The three
specific objectives of Phase I of this contract are: (1) to determine the
feasibility of conducting an extensive investigation of the relationships
between hearing impairment and the speech and language status of children from
birth to three years of age; (2) to formulate a test battery for assessing the
speech, hearing and language abilities of children under the age of 36 months;
and (3) to develop testable hypotheses regarding the relationship between
hearing impairment and language function. The results of Phase I of this con-
tract serve as a basis for Phase II, a subsequent project on the investigation
of the relationships between hearing impairment and language in young children.

Phase II consists of a longitudinal study and a series of cross-sectional studies
of language development in normal, hearing impaired, and Down syndrome child-
ren. These studies involve six major areas of investigation, including (1)

speech production: segmental phonology; (2) speech production: suprasegmental;
(3) speech perception; (4) syntax; (5) semantics; and (6) auditory sensitivity.

The project is now being brought to conclusion with the successful accomplish-
ment of Phase I and collection of required data for phase II to be completed
by December 19 78. Analysis of data currently is in a preliminary stage and
does not permit, as yet, conclusive statements on findings. Final analysis
and reporting of the longitudinal data covering language development in the
three groups of study subjects is scheduled for completion by December, 1978.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Mental Retardation and Developmental Disabilities Branch
Center for Research for Mothers and Children

Collaborative Research and Contracts
Summary Reports

Contract Number; NOl-HD-52843

Contract Title

Contractor

Development of a Semi-Automated System for Chromosome
Preparation

City of Hope Medical Center

Money Allocated: FY '78 - $115,445

The objective of the contract is to develop a semi-automated system for the
preparation of metaphase chromosome spreads on microscope slides which would
produce consistently high quality specimens in high volume required for
automatic analysis. The slides can be used for research purposes, clinical
evaluation, and epidemiologic surveys. These specimens can be used in a
regular laboratory setting where conventional, manual microscopic analysis
is carried out but particularly in a laboratory with an automated karyotyping
device for chromosome analysis where high volume work is a requirement.

(1) simplicity AThe semi-automated system embodies three essential features
of operation; (2) increased processing capability over manual operations;
and (3) ease of reproducibility. The system is designed around a 12-well
culture plate made of plastic with a novel snap-off design which will enable
laboratories to select 4, 8 or 12 wells as required for the daily workload.

The hardware is modularized into consoles for dispensing blood, culture media,
and other solutions used in chromosome preparation. Specimen identif iciation
consists of a system of bar code label maker and reader which operate under
the control of a computer. All mechanical and electrical fabrication is com-
pleted and the consoles have been transferred from the Biomedical Instrumenta-
tion Department to the cytogenetic laboratory. A nebulizer has been added to
the air blast unit for cell spreading. Preliminary testing of the automated
system has been completed and the machine will soon be undergoing a more
elaborate field testing in a different laboratory setting. Additional tests
will be done in order to determine the optimum conditions which facilitate cell
growth (i.e. mitotic index), study the factors which contribute to cell breakage,
and determine the factors which will produce an ideal chromosome spread suitable
for manual and automated chromosome analysis with minimum human interaction. W
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Mental Retardation and Developmental Disabilities Branch

Center for Research for Mothers and Children
Collaborative Research and Contracts

Summary Reports

Contract Number : NOl-HD-32713

Contract Title : Coordination of Regional Cytogenetic Registries

Contractor : University of Oregon Health Sciences Center

Money Allocated : FY ' 78 - $222,805

The purposes of this contract are: (1) To develop a common format for the

collection of clinical and cytogenetic information and to establish defined

standards in the selection of material for analysis and for quality control;

(2) To develop a manual of procedures which will contain information about

standardization in the selection of material for analysis and for maintenance
of quality control. The common format and manual of procedures will be tested

by the collaborating registries; (3) To develop and refine a card format for

the collection of handwritten clinical and cytogenetic information; (4) To

develop a phenotype coding system and to test computer compatibility among

the collaborating registries. The registry is designed to maintain a record
of genetic and clinical information which will help provide better health
care services, and to provide a data base for research and epidemiologic

studies

.

The following cytogenetic laboratories are collaborating in this contract:

University of Oregon Health Sciences Center, University of Tennessee, Yale

University, University of Colorado Medical Center, Department of Medical

Genetics, Indiana University School of Medicine and the New York State Birth

Defects Institute in Albany. This year the Henry Ford Hospital, Detroit,

Michigan, which has a sizable number of patients representing several ethnic

groups, joined the registry.

The collaborating laboratories fill out the coding manual which consists of

four sections: master file, clinical, cytogenetic/laboratory, and pedigree

coding. The master file is the only form on which the patient's name and the

names of his parents appear. To insure confidentially, this form is mailed

independent of the other forms. The clinical, cytogenetic and pedigree coding

forms are identified by the laboratory, individual and family numbers which

coincide with those appearing on the master form which are coded on a tape

separate and different from that which contains clinical and cytogenetic data.

By this two-tape approach, patient confidentiality is maintained. The com-

pleted forms are mailed to the central coordinating laboratory in Portland,

Oregon.

About 500 new clinical descriptions have been added this year to the phenotype

coding system for a total of over 1100 terms. As of July 1, 1978, 51,553

forms have been entered and stored in the system. This figure includes
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16,936 master records, L6,530 clinical records, and 18,087 cytogenetic reco]^'
To test for quality control, an assessment of the accuracy of the information
recorded has been initiated and is being done regularly on a monthly basis.
Information from ten cases selected at random from each center is retrived
from the computer and sent to the respective investigators for verification
each month. No major problems have been detected. The investigators are
following up a selected sub-set of cases who have had amniocentesis in Port-
land.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Mental Retardation and Developmental Disabilities Branch

Center for Research for Mothers and Children
Collaborative Research and Contracts

Summary Reports

Contract Number: NIH-71-2447

Contract Title : Diagnostic and Intervention Studies of High-Risk Infants

Contractor : Regents of the University of California, U.C.L.A.

Money Allocated: None

The purposes of this contract are: (1) to develop new diagnostic techniques

and relate them to established ones so as to best delineate those aspects of

psychophysiological functioning in high-risk infants that indicate continuing
risk for development, and (2) to ameliorate or modify this risk status through

a program of specific interventions implemented from ten to twenty- four months
of age.

This prospective study is designed to specify those behaviors of high-risk
neonates and infants which relate to performance on tests at two years of age.

The study design is longitudinal and correctional, covering a two year period

in each child's development.

Cumulative risk scores (CRS) based on several behavioral and physiological
tests as well as on obstetrical and neonatal events were established for infants

at four and at nine months. The CRS was then used to classify infants as either
high or low risk. Educational intervention was provided high risk infants from

nine months to two years. Outcome measures of development were obtained at

age two.

The two year- assessments have been completed for all project children. Analysis
of the project data will be accomplished by October 31, 1978, the date for

termination of the contract.

Final analysis and reporting of study data remains to be accomplished. A

comprehensive report providing a synthesis and summarization of study data is

planned. To date, over 47 publications have reported on study findings.

Data analysis supports the concept of the cumulative risk score (CRS) as a means

for differentiating between full-term and low and high risk pre-term infants.

It is expected that further refinements in the CRS will improve its discrimi-
nating capability.

The study data provide strong support for the importance of environmental

factors in shaping the developmental outcome of risk infants. Infant charac-

teristics influence the social transactions between mother and child and the

reciprocal interactions influence the course of the child's development, particu-

larly in the area of language development.
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At this poiat of data analysis, it appears that biologic insult consequent tof.
prematurity is less determinative of developmental outcome than environmental
factors. Infants evidencing early high degress of biologic insult show
favorable developmental progress and outcomes when provided with responsive
environments in which to develop.

(
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Pregnancy and Infancy Branch
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3-2772 Development of Animal Models for Studies of
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2-2777 Development of Sleep and Cardiopulmonary Regu-
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Functional Mechanism for Risk of the Sudden
Infant Death Syndrome (SIDS)
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and Low Risk for the Sudden Infant Death
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ANNUAL REPORT
October 1, 1977 through September 30, 1978

Epidemiology Branch
EBRP/NICHD

During the past year there have been several staff changes in the Branch.
Dr. Reed resigned as Chief of the Branch in December, 1977, and Dr. Keller
was appointed Acting Chief. One temporary research assistant, Rosanne
Boldman, completed her assignment, and Dr. Bakketeig finished a year as

Visiting Scientist from Norway. There has been a change in secretarial
assistance, Kathleen Thomas replaced Rebecca Placek, and 4 temporary summer
students have been hired to participate in field work in Arizona from June
through September, 1978. Full-time professional staff currently consist of
Drs. Keller and Forman, and Robert Nugent.

Following Dr. Bakketeig 's departure, analysis of the Norwegian linked birth-
death data has been terminated, but other projects have continued and ex-

panded in spite of the reduction of professional staff. In addition, several
new intramural projects have been initiated utilizing linked birth-death
records from several states of the U.S. and infant feeding data from national
natality surveys, and new interests have been developed in response to

national concern over the effects of chemical toxins on reproductive efficiency.
Projects in which members of the Branch have or have had primary responsibility
during the past year include:

1. The epidemiology of infant mortality in Baltimore, Maryland
2. Childhood obesity in a cohort of children born in 1969 in Berkeley,

California
3. The epidemiology and health effects of infant feeding among Pima Indians

in Arizona
4. The frequency of breast and bottle feeding in the United States, 1977-78
5. The frequency of breast and bottle feeding in the United States, 1967-69
6. The geographic variation of fetal and infant mortality by county in the

United States, 1969-1974
7. The effect of illegitimacy on infant mortality from linked birth-death

records in Minnesota, 1967-1975
8. The seasonality of infant mortality from linked birth-death records in

North Carolina, 1967-1973
9. The monthly cyclicity of conceptions in North Carolina, 1967-1973

10. The possible teratogenic effects of hexachlorophene among female medical
personnel

11. Current unresolved issues relating to adverse effects of cigarette smok-
ing during pregnancy

A brief description of each of these projects is included in the next section.

Additional activities of professional staff of the Branch included chairing
three sessions in two national meetings, presentation of three papers at

national meetings, conducting an all-day workshop at an international meeting,
consultation with NIEHS, and other routine intramural and ad hoc committee
assignments

.

305



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF PROJECT NUMBER
HEALTH, EDUCATION, AND WELFARE

!

PUBLIC HEALTH SERVICE
NOTICE OF !

INTRAMURAL RESEARCH PROJECT
L

ZOl-HD-00302-01 EB

PERIOD COVERED

March 1, 1978 through September 30. 1978

TITLE OF PROJECT (80 characters or less)

Breast and Bottle Feeding in the United States from the 1978-79 National
Natality Survey.

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

P.I. : Michele Forman

Other: Ernest Harley

Senior Epidemiologist

Computer Specialist

EB

CS/EBRP

NICll.

NICHD

COOPERATING UNITS (if any)

lab/bramch

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, NID

TOTAL MANYEARS: PROFESSIONAL:

04 .04

OTHER:

CHECK APPROPRIATE BOX(ES)

G (a) HUMAN SUBJECTS

n (al) MINORS (a2) INTERVIEWS

n (b) HUMAN TISSUES ^ NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

Participation in the National Natality Survey of the NCHS will provide data
on current breast feeding practices in all segments of the population. Com-
parison with data from a previous survey will provide for the assessment of
changes in breast and bottle feeding over the last decade.

I

I

306

PHS-6040



1 . Project Description :

Three questions on breast feeding practices and reasons have been submitted
and will be included in the current National Natality Survey. This survey
will follow up 6,000 births at approximately 3 months of age with a mailed
questionnaire to a 1 in 500 sample of mothers and will include demographic
and some medical information on each birth. Data will be analyzed to assess
which factors are associated with breast feeding and to estimate the current
status of breast feeding in the United States.
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1 . Project Description :

Some questions on breast feeding were included in the 1967-69 National
Natality Survey of 6,000 births at approximately 3 months of age with a
mailed questionnaire to a 1 in 500 sample of mothers with live births.
Analysis is being conducted to assess the status of breast feeding in the
United States ten years ago, and will be compared to current practices to
measure the trend of changes during the past ten years. Analysis should be
completed by the end of FY 1978.
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The assembly of a large number of variables, including pregnancy outcome, has
provided data on the marked variability in infant and fetal mortality among
different populations in the U.S. The correlation of adverse pregnancy outcome
rates with environmental variables will make it possible to assess the relativ^:
importance of the various factors associated with these rates in a large popul*
tion. These data will also provide a basis for the assessment of changes in in -

fant and fetal mortality which may be occurring in some populations.

i
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w

1 . Project Description :

Approximately 80 variables have been assembled for each of the 3,078 counties
in the United States and include data from the 1970 census and other sources
pertaining to environmental and geographic characteristics of each county.
The file also includes births, fetal and infant deaths, mother's age, parity,
and race.

Analysis will include multivariate statistical procedures and description of
various factors associated with high and low rate of adverse pregnancy out-
comes. Current analysis is focused on mapping of areas with high and low
infant and fetal mortality and low birth weight rates. Clusters of counties
with exceptional rates of these outcomes are being identified for further in-
vestigation of the completeness of reporting and the reasons why these ex-
ceptional rates exist. Analyses of this data should be completed by the end
of FY 1979, and it is planned to produce a report of these findings in

monograph form, including maps.
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Illegitimacy has often been implicated as a risk factor in infant mortality .

An analysis of linked birth-death records from Minnesota which allows informa-

tion from birth certificates to be related to infant death rates, has indicated
that among very young women, in whom most illegitimacy occurs, marital status. ,-

is not a risk factor for early neonatal mortality, but may be for post-neonatl
i

deaths.
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1 . Project Description :

The data needed for this project have already been obtained through the LINK
program and are part of Branch resources.

Analysis of the association between illegitimacy and early neonatal mortality
has been completed and was presented at a national meeting in June, 1978.

Analysis of the association between illegitimacy and post-neonatal mortality
is nearing completion and will be presented in October, 1978.

Two manuscripts are currently being prepared.

This project will be completed by the end of FY 1978.
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The observed seasonality of neonatal deaths in the U.S. has implications as to
the rule of environmental agents, e.g., infectious organisms, during pregnancy
in influencing pregnancy outcomes. Since seasonality of conceptions may gener-
ate seasonality of neonatal death rates, linked birth-death records from ^
North Carolina are being utilised to examine this relationship so that seasonft
ity of death rates can be assessed independently of any seasonal variation in
conceptions.
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1 . Project Description :

The data needed for this project have already been obtained through the LINK
program and are part of Branch resources.

The neonatal mortality rate shows an excess of deaths during the first week
of life each year in the late Spring in the United States. An investigation
of the nature of this peak is being made using linked birth-death records so
that an account may be made for seasonal variations in conceptions, gestation
length, and fetal deaths. Any seasonal variation in infant deaths not due
to these factors has implications for variations in infant mortality from
environmental causes such as infections.

Analysis is currently nearing completion, and results will be presented in
October, 1978 at a national meeting with a manuscript to be submitted by the
end of calendar year 1978.

315



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND -WELFARE
PUBLIC HEALTH SERVICE

NOTICE Of

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl-HD-00307-01 EB

PERIOD COVERED

June 1, 1978 through September 30, 1978

TITLE OF PROJECT (30 characters or less)

The Monthly Cyclicity of Conceptions in North Carolina, 1967-1973.

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

P.I. Robert Nugent

Other: Carl A. Keller
Ernest Harley

Research Assistant

Acting Chief
Computer Specialist

EB

EB

CS/EBRP

NICHU

NICHD
NICHD

COOPERATING UNITS (if any)

LAB/ BRANCH

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, MD
TOTAL MANYEARS: PROFESSIONAL:

17 17

OTHER:

CHECK APPROPRIATE BOX(ES)

J (a) HUMAN SUBJECTS

D (al) MINORS (a2) INTERVIEWS

(b) HUMAN TISSUES ^(c) NEITHER

SUMMARY OF ^ORK (200 words or less - underline keywords)

During the investigation of seasonal patterns of infant mortality, a conception
cohort was constructed from birth certificate data. It was noted that there
was a marked increase in the number of conceptions occurring at four or five-
week intervals and this has subsequently been found to coincide with the begin-
ning of each calendar month. Whether this is due to cyclic sexual activity of
synchronization of menstrual cycles is being investigated and may have some im-
plications for contraceptive practices and family planning programs.
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1 . Project Description :

Data used for this project are based on LINK program as part of Branch

resources

.

During construction of a conception cohort for other purposes, it was noted

that there is a marked monthly cycle to conceptions in North Carolina among

both whites and blacks. An investigation into this pattern has been under-

taken, and a report is being prepared in manuscript form to be completed by

the end of FY 1978.
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A recent report from Sweden suggests that hand scrubbing with hexachlorophene
by female hospital staff during the first trimester of pregnancy may induce
congenital malformations. Since other evidence of the teratogenicy and toxicity
of hexachlorophene already exists, and since hexachlorophene is currently beii^
used by several major hospitals in the U.S., discussion of appropriate invest^
gationsof this potential problem have been initiated. It is likely that one or
more U.S. hospital studies will be conducted involving collaboration between
NICHD, FDA, and NIEHS, plus, perhaps, NIOSH.
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1 . Project Description :

Through a number of recent consultations with the Epidemiology section of
NIEHS on PCB's and PBB's, there has developed a growing interest in the ef-
fects of chemical toxins on reproduction. As a result of reports given at

the June, 1978 meeting of the New York Academy of Sciences, members of NIEHS,
FDA, and the Branch have discussed the possibility and advisability of inves-
tigations into the reported adverse reproductive outcomes from hexachloro-
phene and other chemical toxins. Activities have included the presentation
of a workshop at the New York Academy of Sciences meeting and the prepara-
tion of a manuscript based on the proceedings of this workshop. Future
activities are currently being discussed with other appropriate agencies as
well

.

No formal data acquisition plans have been proposed at present.
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At the request of the Director, NICHD, we are preparing a review of current
unresolved issues relating to the adverse health effects of cigarette smoking
during pregnancy . This project involves a review of the literature of the sub-

ject which has appeared since the 1973 Surgeon General's Report on Smoking an(^-

Health. The review covers lowered birth weight
,
perinatal mortality , spontanff

abortions

,

and the biochemical effects of smoking related to fetal development .
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%
1 . Project Description :

This project is a literature review at the request of the Director, NICHD.

With recent expressed interest in pursuing an active public health program
aimed at reduction in smoking by the Secretary, HEW, the Branch was requested
by the Director, NICHD to prepare a literature review of epidemiological as-
pects of the relation between cigarette smoking during pregnancy and ad-
verse outcome. Since other members of NICHD (Pregnancy and Infant Branch)
have major responsibility for this report which is to be included in the
Surgeon General's Report on Smoking and Health, the Epidemiology Branch has
elected to present unresolved issues relating to the epidemiological evidence
of the association.

A final report will be completed by the end of August, 1978.
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The decrease in breast feeding in infants in the U.S. over the past 20 years
has been reflected in Native American populations in a shorter period of time.
This study is intended to document changes in breast feeding among the Pima
Indians living on a reservation in Arizona and to compare the health effects zf.

breast and bottle fed infants over the past 20 years. The availability of ceWt
tralized health records at the Sacaton Hospital of the Indian Health Service
and the relative lack of mobility of the population makes this an e.xcellent

source for the study of this issue of current national concern.
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1. Project Description :

The objectives of this study are to determine the trend in breast and bottle

feeding over time and the reasons for this trend among the Pima Indians and

to determine whether breast feeding compared to bottle feeding is associated

with reduced infections, reduced infant mortality, weight gains and choles-

terol levels in children.

The methods being used to meet these objectives include interviewing a sample

of 350 women on the Gila River Reservation in Arizona, reviewing medical

records kept in the Indian Health Service Hospital and locating and review-

ing vital records on the study population. Development of the questionnaire,

interviewers' and coders' manuals and supervising of the field work as well

as collection and analysis of the data are being done by Branch staff.

The project is scheduled for completion during FY 1979.
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SUMMARY OF WORK (200 words or less - underline keywords)

The measurement of obesity in children is not a universally accepted process.

Circumferences, skinfolds, height, and weight have been used in adults and cor-

relate well with more definitive measurements based on body density or fat con -

tent , but the same procedures have not been tested adequately in pre-pubescent

children. This project was designed to make simultaneous measurements using
|p.|

all of these procedures, including underwater weighing , and to correlate these
'

with previous measurements on the same children and with food intake histories ,

activity scores, and parental attitudes toward food consumption.

f^
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1 . Contract Description :

This contract was awarded to the University of California School of Public

Health, Berkeley, California on September 30, 1977 for a period of 18 months
in the amount of $77,331.

The study population consists of all children remaining in a cohort of births
to residents of Berkeley, California in 1969 and on whom anthropometric, food

history, activity, and parental attitude data have been collected at one to

two-year intervals to the present.

The objectives of this study are to develop a valid method for the measure-
ment of body fat in eight to nine-year old [pre-puberty] children. Practical
suggestions for the use of anthropometric measurement of pre-pubescent obesity
which can be accomplished with available clinical instruments will be deter-
mined. In addition, these measurements will be related to previous eating
and activity practices as well as previous anthropometric measurements on

the same children to assess the effects of early feeding and activity and the

predictive values of early measures on pre-pubescent body fat content.

The results of this study should provide data for more accurate clinical
measures of childhood obesity and early predictors for these measures. It

is planned to perform data analysis at NICHD.

A site visit in May, 1978, and filed quarterly reports indicate satisfactory
progress to date. Approximately 90-3 success in following an earlier cohort
has been better than anticipated, and cooperation by subjects has been ex-

cellent .

A final report on this subject will be completed during FY 1979.
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SUMMARY OF ^ORK (200 words or less - underline keywords)

This project was designed to study the simultaneous effects of a number of
|factors for infant mortality in a total community . The contract was let pU

suant to an RFP which specified that the study be conducted in a high risk
community within 50 miles of NIH so that Branch staff could collaborate wit
the contractor frequently on a regular basis. The results of this study wi
be used to assess the relative importance of a number of risk factors for i

fant mortality which might be incorporated in the design of an intervention
program.
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1 . Contract Description :

This contract was awarded to Johns Hopkins University School of Public
Health on September 30, 1977 for the 2-year period through September 29,
1979 in the total amount of $553,250.

The contract is a three-part process and a description and progress are as
follows

:

i) A case-control study of all infant deaths in the city of Baltimore
for a one-year period starting September 1, 1978. Approximately 250 mothers
of infants who have died and 500 mothers of live infants will be interviewed
using a questionnaire designed by the contractor and Epidemiology Branch
staff. The interview covers all of the known risk factors for neonatal
deaths and many of those for post-neonatal deaths, plus a number of other
issues relating to psychosocial supports, preparations for birth and acces-

sability to medical care at the time of death of the infant.

Progress to date has included making arrangements with Baltimore hospitals

for selections of cases and controls, and completion of the questionnaire

which is currently being reviewed by 0MB as well as the beginning of pre-

testing on a suitable population. It is anticipated that interviewing will

begin in September, 1978.

ii] A detailed examination of the causes of death reported on the death

certificate and comparison with hospital records and other information on

all deaths during a two-year period beginning October 1, 1978.

The administrative aspect of this phase is currently being conducted by the

contractor and progress is satisfactory to date.

iii) An environmental study using demographic and environmental variables

to determine the possible relationship of these variables to fetal and in-

fant death rates and low birth weight ratios by census tract for the metro-

politan Baltimore area for a 5-year period.

This phase is nearing completion by the contractor.
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Publications

:

Reed, D. M. , Bakketeig, L. 5., Nugent, R. P. The Epidemiology of Respiratory
Distress Syndrome in Norway. Am. J. Epid . 107: 299-311, 1978.

Bakketeig, L. S., Seigel , D. G., Sternthal, P. M. A Fetal-Infant Life Table
Based on Single Births in Norway--1967-1973. .Am. J. Epid . 107: 216-225,
1978.

Reed, D. M. : Current Status of Cancer Studies in the South Pacific. In

Bailar, J. C, III [Ed.): Epidemiology and Cancer Registries in the
Pacific Basin. (NCI) DHEW Publ . No. (NIH) 77-1225, 1977, pp. 61-66.

Presentations :

Nugent, R. P.: The Epidemiology of Respiratory Distress Syndrome in Norway.
The American Public Health Association Annual Meeting, Washington, DC,

November 1, 1977.

Keller, C. A.: Interstate Variation in .Adverse Pregnancy Outcome. The
American Public Health Association Annual Meeting, Washington, DC, f^

-

November 2, 1977.

Keller, C. A.: Illegitimacy as a Risk Factor in Early Neonatal Mortality.
Society for Epidemiologic Research Annual Meeting, Iowa City, June 16,1978.

Reed, D. M. : Session Infant Mortality. The .American Public Health Associ-
ation Annual Meeting, Washington, DC, November 1, 1977.

Keller, C. A.: Session on Child Abuse. The American Publich Health Associ-
ation Annual Meeting, Washington, DC, November 2, 1977.

Keller, C. A.: Workshop on Perinatal and Postnatal Defects and Neurological
Abnormalities from Chemical Exposures. New York Academy of Sciences,
Science Week, New York, June 26, 1978.

Keller, C. A.: Session on Reproductive Effects, International Conference on
Health Effects of Halogenated .A.romatic Hydrocarbons. New York Academy of ^
Science, Science Week, New York, June 27, 1978.

*

Forman, M. R. : Session on Women, Work, and Health. American Psychological
Association Annual Meeting, Toronto, August 30, 1978.
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Training :

One member of the Branch, Robert Nugent, attended a three-week summer session
in epidemiology at the University of Minnesota, Minneapolis, Minnesota from

June 18 to July 10, 1978. Courses completed included the Epidemiology of

Drug Reactions and Advance Statistical Methods for Epidemiologists. Both of

these courses are relevant to current and future activities of the Branch.
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The Biometry Branch continued activities along three lines within the

Institute: (i) provision of statistical analysis and consultation for in-

tramural and extramural investigators; (ii) pursuit of individual and

collaborative research in biometry and biostatistics ; and (iii) support of

clinical trials initiated by the NICHD. \

Statistical consultations required varying degrees of involvement, from

major commitment of staff, time and resources in the design or analysis of a

study, to relatively minor work covering questions related to details of the

application of well-established statistical methods. Because an itemized

list of all the consultations and analyses provided for NICHD investigators

over the past year would be cumbersome, the following synopsis gives a sketch

of the variety of work conducted and sources from which it arose. (1) Time

series analyses (auto-spectra, cross-spectra, and complex demodulation) were

made on FSH and LH measurements arising in a study of serial gon.-'dtropin

measurements in pubescent girls (Neonatal and Pediatric Medicine Branch). (2)

Discussions of study design, questionnaire development, sample si-e require-

ment and preliminary data analysis were made for a study of "Breast and Bottle

Feeding, Pima Indians, Pre- and Post-natal Experience, Infant Mortality and

Morbidity" (Epidemiology Branch) . (3) Biometry Branch staff served as

reviewers for proposals submitted in response to RFP's issued by the

Contraceptive Development Branch, Contraceptive Evaluation Branch, (Center ff

for Population Research) and Developmental Biology and Nutrition Branch

(Center for Research for Mothers and Children [CRMC]). (4) Two reviews of

a series of manuscripts and a site-visit review were made to evaluate the

progress of the longitudinal field study of malnutrition and mental
development conducted by the Institute of Nutrition of Central .^erica and

Panama (contract funded by CRMC) . (5) Consultation was provided for the NICHD
Collaborative Epidemiological Study of SIDS Risk Factors (Pregnancy and

Infancy Branch) . A statistician within the Biometry Branch serves as

Assistant Project Officer, participates as a voting member in all deliberations

of the Steering Committee, and has been involved in the design of the study,

including the development of specifications for matching, procedures for

selecting controls, and the design of questionnaires. (6) kn analysis was

performed to estimate the number of subjects required for a study of the

possible effectiveness of vitamin C in prolonging white cell survival in

patients with G6PD deficiency. Required sample sizes were estimated over a

range of values of hypothetical treatment effectiveness (Neonatal and

Pediatric Medicine Branch) . (7) Recommendations were made concerning the f
development of an NICHD supplement to the Health Interview Survey (National

Center for Health Statistics) . Material was prepared which briefly described

the purpose and design of the Health Interview Survey and suggestions were
made concerning the manner in which the NICHD might organize an effort to

develop a supplement (Office of Planning and Evaluation) . (8) A re-analysis
was made of data deriving from a case-control study in New Caledonia of lung

cancer in relation to smoking and to employment in nickel working. The use

of logistic regression and Mantel-Haenszel contingency table methods confirmr

for the most part, the original log-linear analysis in which, controlling for
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smoking, there was no effect of nickel working (Epidemiology Branch) . (9)

Consultation was provided regarding the advisability of NICHD funding of

analysis of the Kinshasha Neonatal Study. A review was made of material

submitted by the principal investigator in connection with design and

intermediate results of the study (Director, CRMC)

.

Staff of the Biometry Branch frequently receive requests from outside
investigators for statistical consultation. Branch policy allows consultative

or collaborative relationships with non-NICHD investigators in order to

enhance the influence and reputation of the NICHD. The following provide

examples. (1) A re-analysis of data relating to fetal and infant mortality,

which were claimed to show an increase due to artificial fluoridation of .

drinking water in Chile, was made for the Director, National Institute of

Dental Research. The analysis demonstrated that no support could be marshalled

for an investigator's claim that fluoridation affected fetal and infant

mortality. (2) Statistical consultation was provided to investigators at

Children's Hospital, Washington, D.C., on the design and analysis of a study

of social and environmental stimulation received by newborns with Hyaline

Membrane Disease. A pilot study of 10 infants is being conducted to document

the levels of auditory, visal and tactile stimulation received during the

course of their hospital stays. (3) A time series analysis of various white

and red blood cell counts in dogs with canine cyclic neutropenia was performed
for investigators at the National Institute of Allergy and Infectious Diseases

and at the Univeristy of Washington. (4) A member of the Biometry Branch is

participating in the Committee on Animal Models for Research on Aging,

Subcommittee on Mice, National Research Council, to develop a compendium of

information which relates to the use of mice in aging research. (5) A member

of the Branch serves on the .American Statistical Association's (ASA)

Committee on Minorities, and has coordinated an .ASA visitor's program, in

which a guest statistician will speak on careers in statistics at minority
institutions of higher learning. (6) In addition to serving as statistical

consultants, staff within the Biometry Branch served as reviewers of manu-

scripts submitted to the following journals: .American Journal of Epidemiology,

American Journal of Physiology, Biometrics, Psychophysiology, and the Journal

of Occupational Medicine.

The Biometry Branch has initiated a number of studies of low birthweight

and perinatal mortality deriving from record-linkage of birth and death

certificates from Norway and the United States.

Work was completed on a study of the tendency to repeat gestational age

and birthweight in successive births, based upon 458,358 single births in

Norway over the years 1967 thru 1973. The results confirm earlier findings

in respect to the tendency to repeat low birthweight, but clarifies the

nature of this phenomenon by showing that there is an underlying, general,

biological pattern which suggests that some intrinsic factor may "program"

mothers to produce repeated births with similar gestational age and birth-

weight.

Previous studies have shown that the risk of perinatal death and low

birthweight is increased two to three times, if the preceding pregnancy

resulted in a spontaneous abortion, stillbirth or neonatal death. A second
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study based upon Norwegian data demonstrates that the risk of perinatal '

mortality among low birthweight infants, where the preceding pregnancy was
not of low birthweight, is twice the risk compared to low weight births
where the preceding pregnancy was also of low birthweight.

Studies are currently underway using the LINK data set, based upon
record linkage of birth and death certificates from 1967-1973 for eight states
in the U.S. One is a study of birthweight-specific perinatal mortality as a

function of maternal age. Mortality occurring within the first seven days cf

life ("early neonatal mortality") accounts for the majority of infant deaths.
For each 500-gram birthweight category among IVhite births, infants bom to 19

year old mothers have been found to have higher rates of early neonatal
mortality than do births to mothers aged 20-54 years. Similarly 18, 17, 16,

and 15 year old mothers have successively higher rates of early neonatal
mortality for each 500-gram birthweight category. This finding suggests that
the known tendency to preterm delivery for younger mothers does not entirely
account for the higher rates of early neonatal mortality among teenagers.
Similar analyses of stillbirths are being planned.

A project devoted to writing a book on the design and analysis of case-
control studies was initiated this past year. The object is to detail the
logic of the study design, provide e.xplicit recommendations for its application,
and describe a variety of methods for the analysis of case-control data. A
comprehensive outline has been written and drafts of several chapters have
been prepared. A related project involves a survey of the medical literature,
covering eight medical journals over the years 1970-1978. This survey is f
being done to characterize the "state of the art" in case-control studies.
It will report on the diseases and conditions which have recently been studied
using the case-control design, sources from which cases and controls are
derived and techniques used in their selection, methods used to identify the
"exposures" or factors under study, the use of matching in the design, and
the range of factors which have been studied in association with disease.
This review will also provide source material for data e.xamples to be
included in the book on case-control studies.

A large commitment of Branch resources has gone to the support of two
clinical trials, one of which was completed in the last year. A randomized
clinical trial designed to assess the therapeutic value of ascorbic acid in
the treatment of early onset cystinosis was stopped by the Data Monitoring
Committee in November 1977. At the time the trial was discontinued, 11

patients had been withdrawn from study because they required either dialysis,
renal transplantation, or because they had died. Of these 11 patients, 8 had
been randomized to vitamin C. The average increase in serum creatinine was
found to be more than twice as great in patients receiving vitamin C than in\^
the placebo group. Since the discontinuation of the vitamin C treatment,
patients are being followed through biannual examinations which report on an
abbreviated data collection form. This will provide additional information
regarding the natural history of cystinosis. A final report of the clinical
trial has been prepared for publication.

The Biometry Branch continues to serve as the data center for the f
randomized clinical trial to determine the safety and efficacy of phototherapy..
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for the treatment of neonatal hyperbilirubinemia. An intensive analysis of

the 1,339 newborn examinations was completed. This covered the general
characteristics of the sample at entry, the immediate safety and efficacy of

phototherapy, deaths, e.xchange transfusions, hemolytic diseased babies,

including G6PD deficiency and Coombs positive, small for gestational age,

metabolism, and binding tests (HBABA, sephadex, and salycilate saturation
index) . Papers on these topics are being prepared for publication as a

supplement to Pediatrics. The analysis of approximately 1,000 one year
examinations has been started, and the second and third year follow-up
examinations are being coded and edited.

Although the Branch has not established a "program" of contract research,

the following three contracts have been supported by the Biometry Branch.

The final year of work occured on the project entitled "Epidemiology of Birth
Weight with Particular Reference to the Effect of Induced Abortion on

Subsequent Offspring." This project supported by PL 480 funding is entering
the last stages of analysis. Thus far, investigation has focused on outcome
variables such as mode of termination of pregnancy and birthweight of live-

boms. These factors have been studied in relationship to age of mother,

education, smoking, height, types of medication taken during pregnancy,
number of previous pregnancies, abortions, and interruptions. Additional
outcomes relating to the health status of the newborn will be analyzed.

During the first week of October 1978, Dr. Halina Wior, Chief of the

Department of Epidemiology, Institute of Mother and Child, Warsaw, Poland
will visit the NICHD in connection with the completion of this study and the

preparation of a final report.

The following summarizes progress on a contract to study the longitudinal

development of sleep state organization, and associated cardio-pulmonary
regulation, in monozygous and dizygous twins, and singleton controls matched
for conceptual age, birthweight and sex. The quantification of apnea during
rapid-eye-movement, quiet and transitional sleep states has been accomplished
at 40, 44, 48 and 52 weeks post-conceptual age in 24 controls, 38 monozygous
twins, 30 dizygous twins, and 15 other infants. EEC, EOG, EMG, heart-and-
respiratory-rates have been recorded continously throughout each session, and

analyses are being done on this data base. Chapter 1 (Description of Study
Population) of a monograph summarizing the study has been completed. Chapter
3 (Organization of Sleep State During Infancy) , Chapters 5/6 (Cardio/Res-
piratory Rates and Variability) and Chapter 7 (Infant Apnea in Twins and

Singletons) are all in workdraft state. Work on this project should be

completed in the next fiscal year.

A contract was established with Dr. Leiv Bakketeig, University of

Trondheim, Norway, to study further issues connected with the outcomes of

successive pregnancies in Norwegian women. Two central issues to be inves-

tigated in the study are: (1) How strong a relationship exists in the

tendency to repeat low birthweight and/or short gestational age in successive

births; and (2) What is the associated mortality outcome for the pregnancies

of women with repeated premature deliveries? The opportunity to examine data

over the time span of 1967 thru 1976 will allow more detailed analyses in

terms of demographic variables such as parity, maternal age, and family size,

and medical variables such as conditions at delivery and medical care during

pregnancy. Previous collaborative work with Dr. Bakketeig was based on
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Norwegian medical birth registry data for 1967-1973. The extension of dat,
through 1976 should increase the number of families with four or more
children included in the birth registry from about 2,000 to about 15,000.

To maintain intellectual stimulation in statistical theory, methods,
and applications, and to promote an exchange of e.xperience, opinion, and
ideas in biometry, and biostatistics among the staff, the Biometry Branch
continued its series of regular, informal seminars to which all staff in the
Epidemiology and Biometry Research Program have been invited. Over the pa^

year, talks have covered the following range of topics: use of the multiple
logistic function in the analysis of case-control study data; perinatal
mortality in twins; statistical tests for seasonality; the use of
matching in the design of case-control studies; application of the Mantel-
Haenszel statistic; the use of a multivariate confounder score as a basis for
matching; and contraceptive steroid blood levels among hypertensive and
normotensive oral contraceptive users.

334



NICHD Annual Report
October 1, through September 30, 1978

Biometry Branch
Publications and Talks

Publications which have not been listed under Project Reports

Bakketeig, L.S., Seigel, D.G., Stemthal , P.M.: Fetal-infant life table

based on single births in Norway, 1967-1973. Am J. Epidemiol

.

107: 216-225,
1978

Hoffman, H.J. Survival Distributions for Selected Laboratory Rat Strains

and Stocks. In Gibson, D.C., Adelman, R.C. and Finch, C.E. [Eds.):

Characterization of the Rodent as a Model System of Aging. U , S , DHEW

,

PHS, NIH, NICHD. DHEW Publ. No. (NIH] 78-161, Wash,, D,C. U.S. Govt.,

Print. Off., 1978, pp. 19-34

Harper, R.M. , Walter, D.O., Leake, B., Hoffman, H.J., Sieck, G.C.,

Stemman, M.B., Hoppenbrouwers , T. and Hodgman, J.: Development of sinus

arrhythmia during sleeping and waking states in normal infants. Sleep

.

1: 1978 (in press)

Lamm, S.H. and Hoffman, H.J.: An Etiologic Interpretation of Birth Defect

Incidence and Co-incidence Rates in Twin Pairs. In Nance, W.E., Allan, G.

and Parisi, P.: (Eds.): Twin Research (Part B) : Biology and Epidemiology.
New York, N.Y. , Allan R. Liss, Inc., 1978, pp. 143-148.

Lowe, C.U., Ale.xander, D., Bryla, D., Seigel, D. The Safety and Accuracy of
Mid-Trimester .Amniocentesis. U.S. DHEW, PHS, NIH, NICHD. DHEW, Publ.

No. 78-190. Wash., D.C. U.S. Govt. Print. Off., 1978, 101 pp.

Parke, J.C., Schneerson, R. , Robbins, J.B., Schlesselman, J.J.: Interim
report of a controlled field trial of immunization with capsular
polysaccharides of haemophilus influenzae type b and group c neisseria
meningitidis in Mecklenburg County, North Carolina, (March 1974/March 1976) .

J. Infect. Dis. 136: 551-556, 1977.

Perlow, M.J., Enna, S.J., O'Brien, P., Hoffman, H.J. , Wyatt, R.J.:

Cerebrospinal fluid camma-amino butyric acid: daily pattern and response
to haloperiodl. J. Neurochem. (in press).

Scheidt, P.C, Stanley, F., Bryla, D. : One year follow-up of infants
exposed to ultrasound in utero. .^m. J. Obstet. Gynecol. 131: 743-748, 1978.

Schlesselman, J.J.: Assessing effects of confounding variables.
Am J. Epidemiol. 108: 3-8, 1978.
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Talks: f

Bakketeig, L.S., Hoffman, H.J. and Harley, E.E.: The Tendency to Repeat
Gestational Age and Birthweight in Subsequent Births. The Second
International Congress of Human Reproduction, Tel Aviv, Israel, October, 1977.

Gaiter, J.L., Avery, G.B., White, N.B., Ruttle, K. : Stimulation
Characteristics of the Premature Infant Environment. Association for the Car-e

of Children and Hospitals, Children's Hospital, Washington, D.C., June 7, 1^ ,

Hoffman, H.J. and Bakketeig, L.S: Transition Probabilities and Relative Risk
Functions Based on Bivariate Gestational .A.ge and Birthweight Distributions of
Pregnancy Outcome. Institute of Mathematical Statistics Annual Meeting,
San Diego, California, August 1978.

Hoffman, H.J., Hansen, J. W. and Ross, G.T.: Time Series Methods for Detecting
Monthly Gonadotropin Cycles in Pubescent Girls. The Biometric Society,
Invited Talk for the Eastern North American Region Spring Meeting,
Lexington, Kentucky, March, 1978.

Marcus, B.B., Vietze, P.M., White, N.B., Ruttle, K. : Patterns of Attachment
Behavior in Children 15 and 32 Months Old. Southeastern Conference on Human
Development, Atlanta, Georgia, April 27, 1978.

Schlesselman, J.J.: Biostatistical Issues in Collaborative Clinical Trials.
The Kroc Foundation, Santa Ynez, California, January 19, 1978. A

Schlesselman, J.J. : Sample Size Requirements in Case-Control Studies. Food
and Drug .Administration, Rockville, Maryland, March 13, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

This studv is a cooperative, randomized clinical trial to determine the safety

and efficacy of phototherapy for treatment of neonatal hyperbilirubinemia by

comparing treated with untreated infants under specific conditions. Babies

were randomized by weight (less 2,00, 2,00-2449, and greater than 2,500 grams)

to phototherapy or non-phototherapy. Infants 2,000 grams and above were admitte

to the study when their bilirubin reached levels specified in the study protocol

whereas all' infants under 2,000 grams were admitted. Physical, neurological anc

mental development of these infants will be followed through six years of age.
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Objectives

:

Determine short and long-term benefits and risks of phototherA
for treatment of newborn hyperbilirubinemia.

Methods Employed: This study is a cooperative, randomized clinical trial to

determine the safety and efficacy of phototherapy for treatment of neonatal

hyperbilirubinemia by comparing treated with untreated infants under specific

conditions. The Biometry Branch serves as a data center for this study, and

is the focal point for receipt of examinations on 1,339 newborns and approxi-

mately 1,000 follow-up examinations each year until the child is six or seA
years of age. These forms are checked for accuracy, and preceded in the ^-

center. The master files, 9,000 records containing newborn data, and 7,000

first year follow-up records, are edited for keypunch and coding errors, and

for internal consistency. The Branch is also responsible for the analysis of

the data.

Major Findings: Since the clinical trial is continuing, the final results are

not yet available. .Aji intensive analysis of the newborn data was begun last

year and the results will be published in a Pediatrics supplement in the near

future. This supplement will include characteristics of the sample, analysis

of the immediate safety and efficacy of phototherapy, exchange transfusions,

hemolytic babies, metabolism, deaths and the various binding tests, HBABA,

sephadex and salylicate saturation index. The one-year follow-up data which

includes physical, neurological, ophthalmological , audiological and laboratory

information is being analyzed to determine if there are any significant

differences between the treated and non-treated infants.

Significance to Biomedical Research and the Program of the Institute: The"
is a well-documented relation between hyperbilirubinemia during neonatal life

and an increased risk of death or injury to the central nervous system from

bilirubin encephalopathy, possibly resulting in impaired mental and neuro-

musclar abilities and deafness. Phototherapy has been widely accepted as a

simple and effective treatment for high bilirubin levels. In 1971, 51-a of a

sample of 300 U.S. hospitals were using phototherapy as a treatment procedure.

In this study, phototherapy will be appraised for ils immediate safety and

efficacy, and for its possible long-term implications.

Proposed Course: To finish the manuscript on the newborn data and present

this material at the 1979 spring meeting of the Academy of Pediatrics. To

continue the analysis of the one-year follow-up, especially the neurological

and physical data. It is anticipated that this material will also be pre-

sented at the spring meeting. Follow-up examinations [second and third years)

will continue to be processed and analyzed by the Branch.

•
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SUMMARY OF WORK (200 words or less - underline keywords)

A randomized clinical trial designed to assess the therapeutic value of ascorbic
acid in treatment of early onset cystinosis was conducted. Patients giving
informed consent were randomized to either a liquid or tablet form of ascorbic

acid or placebo. The ascorbic acid was prescribed at a dose of 200mg/kg/day.
The preparations of ascorbic acid and placebo were identical in physical charac-
teristics so that neither the physician nor the patient knew which treatment was

being administered. In November 1977, the Data Monitoring Committee stopped the

trial, since there was no evidence that vitamin C was effective, and there was

some suggestion that it might be detrimental. At the time of discontinuation,
32 patients in each group had reported exams. The total follow-up experience in

both groups represented approximately 104 person-years. Patients on vitamin C

showed greater rises in serum creatinine; of eleven children who required

dialysis, transplant or died, eight were taking vitamin C.
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Objectives

:

The Cystinosis Study is a randomized clinical trial designed ti|

assess the therapeutic value of ascorbic acid [vitamin C] in the treatment or

early onset cystinosis, and secondarily to provide information on the natural
history of the disease.

Method Employed: The principal investigators have solicited the cooperation
of physicians throughout the U.S., Canada, and Europe in enrolling patients
into the study. Subsequent to receiving informed consent from the patient and

approval from an institution's clinical review committee, participating ^
physicians will notify the Biometry Branch, NICHD, of desire to enter a

patient. The Branch randomizes the patient to either a liquid or tablet
form of ascorbic acid or placebo. The ascorbic acid is prescribed at a dose
of 200mg/kg/per day. The preparations of ascorbic acid and placebo are
identical in physical characteristics, taste, and smell, so that neither the

physician nor the patient knows which treatment is being adminis-
tered. Prior to receiving the treatment, the patient is examined in the

hospital according to a standard protocol so as to determine baseline
characteristics in respect to growth, kidney function, clinical symptoms of
the disease, and various hematological and blood chemistry parameters.
Follow-up examinations occur every four months thereafter, and the data is

sent to the Biometry Branch. Accumulating information is entered into a

computerized data base, and analyses are provided to a Data Monitoring
Committee which meets three times a year to evaluate whether any unsuspected
beneficial or adverse effects of treatment are in evidence, and to recommend
whether the trial should continue.

Major Findings: In November 1977, the Data Monitoring Committee advised the^
principal investigators that the study be stopped. At that time, a total of

64 patients had reported first exams, 32 patients in each treatment group.

Approximately 52 patient years experience have been accumulated in each
group. At entry, patients averaged 4.1 years of age, were approximately 85

centimeters tall, weighed 11.2 kg, and had serum creatinines of 1.4mg%. At

the time the trial was stopped, eleven patients had been withdrawn from the

study because they required either dialysis, renal transplantation, or because
they had died. Of these eleven patients, eight had been randomized to ascorbic
acid. The average rate of increase in serum creatinine was found to be more
than twice as great in patients receiving vitamin C than in the placebo group.

There was no suggestion that vitamin C therapy had been benificial to children
with cystinosis. It appeared possible, although not proven, that patients
receiving vitamin C were deteriorating more rapidly than the patients re-

ceiving placebo.

Significance to Biomedical Research and the Program of the Institute: Prior
to the initiation of this study, it was shown that vitamin C, when added to ^
tissue cultures of fibroblasts from children with cystinosis, could remove
1/2 to 2/3 of the cellular cystine. Furthermore, when two patients were
administered vitamin C and followed for one year, there was an indication
that it might have therapeutic value. The cystinosis study, was therefore,
undertaken to provide a definitive, scientific evaluation of vitamin C therapy.
Presently, there is no effective therapy for treating cystinosis short of
dialysis or kidnev transplantation.

%̂
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Proposed Course: Although treatment with vitamin C has been stopped, we are
continuing to follow patients through bi-annual examinations being reported to

the Biometry Branch. Variables relating to growth and renal function are being
reported on an abbreviated data-collection form, and will continue to provide
additional information regarding the natural history of cystinosis. A report
of the study's findings has been prepared for publication.
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These studies have focused on: (1) the relation of the quality of medical
care to the risk of perinatal death in Norway, (2) the tendency to repeat"

similar birth weight and gestational age in subsequent pregnancy outcomes to

the same mothers, and (3) a comparison of twin births, and fetal and infant

mortality of twins, in Minnesota and in Norwav during the same period of time^
(1967-1971).
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Methods Employed:

Methods used to analyze these data have included life table techniques,
contour diagrams, and various tabling and cross-tabulation procedures.
Epidemiologic techniques have included "prospective" studies, case-control
studies, and cohort studies.

Major Findings:

Several important findings have emerged from these studies. Norwegian births
have been shown to be heavier and not as preterm as a comparable group of U.S.
White births. A marked tendency for repeating low birth weight and/or preterm
delivery has been demonstrated for successive pregnancies in this population
of women. Mortality and case-fatality rates for RDS have been calculated
jointly for birth weight and gestational age categories. The incidence of
Sudden Infant Death Syndrome CSIDS)- cases in Norway has been determined for
siblings of SIDS cases, for twin births, etc. A study of the available level
of medical care in counties and perinatal mortality has shown that fullterm,
average size births benefited as much as preterm, low birth weight infants by
improved levels of medical care for this time period, 1967-1973, in Norway.
Twinning rates and the associated perinatal mortality were compared in
Minnesota and in Norway for the period 1967-1973. This study showed that the
rate of twin births, as compared to singleton delivery, was almost the same in
these two sets. Likewise, the twin perinatal mortality rate was almost
identical, even though there were substantial differences between the fetal
death rates (Norway higher) and the early neontal death rates (Minnesota \ ,

higher). A very old finding that there is an excess mortality among like- "

sexed twins compared to unlike-sexed twins was also demonstrated by these
data. This excess mortality is attributable to a higher rate of both twinmates
dying among the like-sexed twins, and has been linked in other studies with
monozygous twinning.

Significance to Biomedical Research and the Program of the Institute:

These studies have provided information on several issues pertinent to programs
of the Institute. The "repeater" studies have helped to elucidate some of the
etiologic problems of prematurity. Studies of fetal and infant mortality,
and especially comparisons with available U.S. data sets, will aid the under-
standing in which of the cause-specific mortality categories the U.S. rates
may be higher than Scandinavian rates.

Proposed Course:

Several studies have been published, others have been submitted for publication
and still others are in the writing stage. The intent is to complete the
studies which were started while Dr. Bakketeig was a Visiting Scientist at
the NICHD.
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Publications

:

* ^
Bakketeig, L.S., Hoffman, H.J. and Stemthal, P.M.: Obstetric service and

perinatal mortality in Norway. Acta Obstetrica et Gynecologica Scandinavica,
Supplement

.

1978. [in press)

Hoffman, J.J., Bakketeig, L.S., and Stark, C.R.: Fetal and infant mortality
of twins in Norway, 1967-1973. Proceedings of the Second International .

Congress on Twin Studies, Washington, D.C. (in press) ^
Hoffman, H.J., Bakketeig, L.S. and Stark, C.R.: Twins and perinatal mortality-
a comparison between single and twin births in Minnesota and in Norway,
1967-1973. In Nance, W.E., Allen, G. and Parisi, (Eds.): Twin Research
(Part B) : Biology and Epidemiology. New York, N.Y., Alan R. Liss, Inc.,

pp. 131-142, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

The objective is to assemble a multi-state data file of infant deaths in which

prior linkage with birth certificate information has been performed. The

studies to be done on the data set include associations between infant (and

fetal) mortality with the standard information on birth certificates (e.g. birtli

weight, gestational age , maternal age and race, parity, etc) .
These studies

will be compared with similar studies on a 1950 and 1960 cohort of U. S. births,

Additional comparisions will be made to linked data from Canada (1971), Great

Britain (1970) and Norway (1976-1973).
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Methods Employed: Since linked data from birth certificates and infant mL

death certificates is not available from the National Center for Health

Statistics, we have dealt directly with individual State Centers for Health
Statistics. We have chosen states which have routinely linked this informa-

tion and are willing to cooperate in this venture. The data is received on

magnetic tape from the individual states and merged into a common format.

The job of editing these tapes and merging the information into common file

is accomplished by the computer programmers within the Office of the Director,

EBRP. IVhen the study data sets have been edited and merged into a common m
file, the data will be analyzed using a variety of statistical techniques

ranging from simple cross-tabulations to the making of sophisticated contour

diagrams.

Major Findings: Perinatal mortality has been analyzed as a function of

maternal age for birthweight-specific categories using 500-gram intervals.

Maternal age has been stratified by single years through age 19, and by five

year age groups thereafter. We have found that among White Births, infants

bom to 19 year old mothers experience higher rates of "early neonatal

mortality" (deaths ocurring in the first six days of life) compared to

births of mothers aged 20-24 years, 25-29 years, 30-34 years for each 500-gram

birthweight interval. Similarly, 18, 17, 16 and 15 year old mothers have

successively higher rates of early neonatal mortality for each 500-gram

birthweight category. Since these mortality rates are birthweight-specific,

it is unlikely that the known association of preterm birth with younger

maternal age can account for these results. Additional studies comparing

fetal and stillbirth mortality rates by maternal age groups and birthweight^
specific categories are underway. ^^

Significance to Biomedical Research and the Program of the Institute: This

study will provide a unique data resource for the statistical and demographic

study of infant mortality and some associated conditions [prematurity,

teenage pregnancy, illegitimate births, etc.). Also, cause-specific infant

mortality can be compared between the states participating in the study. The

data will be available for the period 1968 through 1974 and will also permit

an examination of time trends during this period.

Proposed Course: Additional data from participating states will be combined

with the data from Minnesota, Missouri, North Carolina, and California that

has already been integrated into the master file. .Analyses will continue on

the data which is currently available.
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The central purpose of the investigation is to find a test statistic for the

two samples dispersion problem which is: (1) not sensitive to the parent

distributions of the sample points; (2) robust against differences in means

and skewness; (3) comparable power to other tests in the literature.
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Objective

:

To find a two-sample test for differences in spread with the M'
following properties: (1) Freedom from assumptions about the shape of ^
distributions (distribution free or at least robust). (2) Freedom from
assumption of equal location, or at least relative insensitivity to moderate
amounts of shift. (3) High mathematical power. [4) Reasonable choice of tail
probabilities when sample sizes are small. (5] Freedom from dependence on an

arbitrary subdivision of samples into subsets.

Methods Employed: Monte Carlo evaluation of a number of alternative tests

^

Significance to Biomedical Research and to the Program of the Institute:
Tests could be useful in evaluating differences in dispersion in biomedical
data where the assumption of normality is inappropriate.

Proposed Course: A modification of the Box-Anderson procedure is being
investigated which would incorporate the sample third moments into the

calculation of the degrees of freedom for the resulting F distribution.
The hope is that employing the third moments will adjust for skewed
distributions.
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SUMMARY OF WORK (200 words or less - underline keywords) ~ '

The central purpose of the investigation is to observe the stimulat ion which a
newborn with Hyaline Memb rane Disease (HMDl receives in a hospital nursery in
order to help understand what environmental influences impinge upon the sick
premature. The impact of variations from the "normal" course of postnatal caresuch as treatment m an intensive care nursery is unknown. The current investi-
gation will systematically observe infants to obtain information regarding the

K°''1^,I^^-
^^^^"^"'^y' ^"d patterns of animate and inanimate stimulation e.xperiencecl

by HMD infants m a hospital setting. Observational data will be collected in
order to document levels of auditory, visual and caregiven stimulation receivedby the infants.
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Objectives

:

The specific objectives of the investigation are: (1] to devell
an observation method suitable for describing the nursery environment, [2) to
study a relatively homogenous sample of infants, i.e., hyaline membrane
diseased (HMD) infants, to obtain maximally meaningful information about the
nature of their nursery experience, (3) to differentiate aspects of the
nursery environment into conceptually meaningful dimensions of stimulation
typically experienced by HMD infants, [4) to obtain data concerning the
consistency and changes across time in the content /frequency and duration o^^
stimulation HMD infants receive during intensive care, intermediate care anif^
treatment one week prior to the expected date of discharge, (5) to obtain
varied measures of infant developmental functioning for longitudinal follow-up
studies of the infants, (6) to design appropriate interventions to facilitate
the healthy development of HMD infants, and (7) to contrast animate and
inanimate stimuli and observe their impact on the infant.

Method Employed: A time sampling, observational system has been designed
especially for use in recording stimulation data at the infant's bedside. Two
trained observers having obtained high inter-observer reliability will code
data on precoded observation sheets. One observer will record data on an
individual infant subject during a given observation session and at subsequent
sessions for the same infant. Each observer will record data on half (10) of
the infant subjects.

The selection of variables for a differentiated analysis of the nursery
environment involved many informal observations and notes on events which
actually occur in this environment. There was an ordering of infant's
experiences with people and exposure to inanimate stimulation. A set of
interactive behavioral categories were delineated: (1) caregivinq stimulation .

(2) social stimulation and (3) medical stimulation. A fourth category lists a

number of frequently occurring infant behaviors.

A total of six hours of observational data will be obtained for each
infant. Two one-hour observations are designed to differentiate phases of
medical treatment of HMD infants. These three differentiated treatment phases
correspond to three types of environments in which caregiving-infant inter-
action are hypothesized to be measurably different. Measures of stimulation
from the inanimate environment in the nursery will be obtained from sound and
illumination level readings.

Major Findings: A pilot study of 8 to 10 babies is being conducted to smooth
out any difficulties with the larger study. The study is not yet complete.

Significance to Biomedical Research and the Program of the Institute: Despi]
several published studies, we still do not have a clear delineation of the
environment of the sick premature. There is an abundant literature on the
pathophysiology of hyaline membrane disease itself. Little has been written
about the environmental impact of nursery care on the baby.

The present focus on manipulation of the environment of premature infants
in lieu of obtaining detailed description of these environments threatens
fruitful theorizing concerning early experience and its relationship to sub-

sequent development.
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The developmental significance of early differences in the environments
of premature and term infants remains to be empirically determined. For this
reason, it is necessary to conduct descriptive studies of these environments
to generate testable hypotheses concerning their developmental iijipact. It is

equally necessary to document infant behavior and responsiveness to stimulation
as well as to identify increasingly complex behavior repertoires which assume
stimulus value for caregivers. Besides providing information concerning the
possible developmental effects of current nursery practice, observational,
descriptive data may advance our understanding of factors which influence
developmental outcome.

The proposed investigation is designed to develop an effective method-
ology for collecting stimulation data in the nursery. It will be important
to e.xamine a number of caregiver variables and attempt to replicate this
investigation to determine if stimulation levels show consistency in this
hospital nursery.

Proposed Course: We are performing a pilot study which will be used to improve
the larger study. A paper describing the pilot study is planned. The larger
study should begin by late fall of this year.
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SUMMARY OF WORK (200 words or less - underline keywords)

A book on case-control studies is being written which will detail the

logic of the study design, provide explicit recommendations for its

application, and describe a variety of methods for the analysis of case-

control data. The book is planned as a reference for researchers and ^^
advanced students in medicine, public health, epidemiology, and statis^ps
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Project Description and Progress to Date:

A comprehensive outline has been written which details the following items:

introduction, historical and current uses of case-control studies, logic of

their design, sources of bias and methods to control bias, issues relating

to selection of cases and controls, management of case-control studies and

statistical methods for analysis. A draft of several chapters and extensive

notes, the entirety running in length to approximately 180 pages, has been

written thus far. The introductory chapter contains a discussion of ob-

servational studies generally, including the case-control (retrospective)

study, the cohort (prospective) study, analytical surveys and vital

statistics studies. The issues which are discussed include the definitions

of these studies, their design and objectives, and the advantages and dis-

advantages associated with them. The relationship of observational studies

to experimental studies such as laboratory experiment and clinical trials

is also discussed as are the concepts of causation and association, the

notion of multiple causality, interaction among causal factors, the concept

of statistical association, incidence rates, relative risk, attributable

risk, risk difference, and relative odds. The discussion concerning the

criteria for inferring causation from statistical associations deals with

such issues as the use of temporal sequence, strength of association,

consistency upon replication, and specificity of effect. A draft of a chapter

concerning the logic of case-control studies discusses such issues as the

sampling frame, temporal dimensions, the parameters which can be estimated

from a case-control study, and the requirements for valid inference. A draft

of a chapter on pitfalls of case-control studies itemizes sources of bias,

such as that due to referral, ascertainment, self-selection. A rather exten-

sive draft has been written on statistical methods for analysis. The focus

of the discussion concerns point and interval estimates of the relative risk

and the application of tests of significance. Sections have been written on

methods of analysis based upon contingency table techniques and on multivariate

methods using the multiple logistic function and the log-linear model.

Extensive notes have been prepared on the issue of matching cases to controls

on the basis of factors which might confound an association. Statistical

analyses are given for both matched and unmatched study designs. A rather

extensive discussion of sample size requirements for unmatched, matched, and

stratified case-control studies is given. Cost considerations in planning a

study are also discussed. The effects of biased reporting of exposure or

disease status is discussed in a section concerning the effects of

misclassifi cation.

Significance to Biomedical Research and Program of the Institute:

Case-control studies are extensively used to determine relatively rare adverse

effects of drug or environmental exposure. For example, most of the adverse

effects associated with use of oral contraceptives have been investigated

using the case-control approach. Other current examples concern the discovery

of an association between the development of vaginal cancer in young women

with a previous maternal exposure to diethylstibestrol during pregnancy, and

studies of a potential link between bladder cancers and saccharin exposure in

humans.
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Proposed Course

:

* ^^

A literature review has been initiated to collect epidemiologic and biomedical
examples which illustrate a variety of points made in the text. Ideally, these
will derive from a diversity of sources which illustrate the broad range of
applications of the case-control design. A large data set from a case-control
study of the association of pre-menopausal estrogens with the development of
endometrial cancer has been obtained from Dr. Stolley. Work is being done to

reduce this set of data to a collection of variables which might be used to ^^
illustrate a variety of statistical techniques of analysis. I plan to complete
a first draft of the entire text by the time of the expiration of the
Personal Services Contract with Dr. Paul Stolley, University of Pennsylvania
Medical School, on January 5, 1979.
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SUMMARY OF WORK (200 .ords or less - underline keywords)

A case-control study of hypertensive and normotensive oral contraceptive pill

users from an Atlanta clinic was undertaken to determine the following: (i)

if the blood levels of ethinyl estradiol (EE) are higher in hypertensive than
in normotensive pill users; (ii) if EE blood level declines at a different
rate between the groups; [iii) and to determine the relationship between EE

blood levels and blood pressure. Thirty-nine cases (hypertensive oral contra-
ceptive users) were recruited from the Atlanta Hypertension study. Twenty-fouj"

matched, and 104 unmatched controls were recruited from a nearby family
planning clinic. It was found that EE levels in hypertensive OC users do not
differ significantly from levels in normotensive users. The data does suggest
however, that blood levels may decline somewhat more slowly among hypertensive
than among normotensive OC users. Also, EE blood levels may correlate with thfe

severity of high blood pressure among hypertensive OC users.
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Methods Employed: Thirty-nine cases (hypertensive oral contraceptive users^

were recruited from over 1,000 women referred to the Atlanta Hv-pertension ^
Study because of a diastolic blood pressure reading >_ 90mm Hg. Twenty-four

matched, and 104 unmatched normotensive controls also using oral contraceptives

were recruited from a nearby family planning clinic Blood pressures, blood

samples, and data on physical and social characteristics were collected.

Descriptive statistics, scatter plots, correlation matrices, multiple re-

gressions from matched and unmatched analyses were performed. Disappearance

curves for In EE were graphed. Certain covariables such as age, weight, anJ^

hours since last pill were adjusted for in all analyses. ^
Major Findings: It was found that EE levels in hypertensive OC users do not

differ significantly from levels in normotensive users (p = .99 for the

matched analysis and p = .37 for the unmatched analysis). The data does

suggest, however, that blood levels may decline somewhat more slowly among

hypertensive than among normotensive OC users. ( p = .15). Also, EE blood

levels increased with rising SBP and DBP more for the cases than the controls

with a probability of this difference being due to chance of 0.58 for SBP

and 0.18 for DBP.

Si.gnificance to Biomedical Research and the Program of the Institute: This

"study may help lead to a better understanding of the mechanism by which hyper-

tension and oral contraceptive are related.

Proposed Course: A manuscript has been written and will be submitted for

publication to one of the medical journals. It is possible that a small

follow-up study of EE blood levels and hypertension will be conducted, ^
following subjects for several menstrual cycles, in order to characterize

individual variation in EE levels.
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NICHD Annual Report

October 1, 1977 through September 30, 1978

Biometry Branch
Contract and Collaborative Research

Contract Title: The Epidemiology of Birthweight with Particular Reference to

the Effect of Induced Abortion on Subsequent Offspring

Contractor: Mother and Child Institute, Warsaw, Poland

Money Allocated: 3,446,160 Zlotys (April 1, 1976 through March 30, 1978)

Objectives: To determine whether or not therapeutic abortion by means of

dilation and curettage affects subsequent pregnancy outcomes.

Summary: The Mother and Child Institute supported by PL 480 funding is

nearing the completion of its study of the sequelae and complications of

induced abortion using dilation and curettage. Approximately 11,000

pregnant women who registered in prenatal clinics for routine medical super-

vision were recruited into the study from Warsaw and Lodz. Case enrollment

was completed in December 1976 and follow-up information on all subsequent

pregnancies was completed in the fall of 1977. Thus far, analyses have

focused on the following outcome variables: mode of termination of pregnancy,

birthweight of live borns; collateral variables: age of mother, education,

smoking, height, types of medication taken during pregnancy, number of

previous pregnancies, abortions and interruptions. Additional outcomes

relating to the newborn have been analyzed, including apgar score, diseases,

complications, and perinatal mortality. A final report is in preparation.

An extension of the proposal with no additional funding was granted from

April 1, 1978 through December 31, 1978.

Significance to Biomedical Research and Progress of the Institute:

Therapeutic abortion is the predominant method of birth control in many

coixntries, and has been increasing in frequency in the United States. The

effect of abortion procedures on subsequent pregnancy outcome is a question

of utmost importance which has yet to be adequately answered.

Proposed Course: The principle investigator. Dr. Halina Wior, plans to visit

the United States in October 1978 at which time a draft of the project's

final report will be discussed with NICHD staff. A final report and completion

of analyses in respect to the major research hypotheses iiould be completed

by December 31, 1978.

Project Officer: James J. Schlesselman, Ph.D.
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NICHD Annual Report ^
October 1, 1977 through September 30, 1978

Biometry Branch
Contract and Collaborative Research

Contract Title: Outcome of Successive Pregnancies for Norwegian
Women, 1967-1976 -

Contractor: University of Trondheim, Trondheim, Norway

Money Allocated: $20,569 [August 1, 1978 through July 51, 1979)

Objectives

:

This contract relies upon a unique data base to study some
statistical aspects of repeating premature or mature births, in a well-defined
national cohort of mothers. This study will make a valuable contribution to

research aimed at elucidating factors that predispose to pre-term or low birth
weight delivery. Infant mortality will be studied as it relates to prematurity
and the tendency to repeat similar gestational age and birthweight in

subsequent deliveries to the same mother. This tendency to repeat premature
delivery is one of the strongest predictive associations known from previous
studies of the epidemiology of prematurity.

Major Findings: N/A

Significance to Biomedical Research and Program of the Institute: Study (^
results will be focused on the tendency to repeat premature deliveries among
Norwegian mothers for the entire ten year span. This tendency to repeat pre-
mature delivery is one of the strongest predictive associations known from
previous studies of the epidemiology of prematurity.

Proposed Course: Funding for an additional year is anticipated.

Project Officer: Howard J. Hoffman
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NICHD Annual Report

October 1, 1977 through September 30, 1978

Biometry Branch
Contract and Collaborative Research

Contract Title: A study of Monozygous and Dizygous Twins to Ascertain

Possible Neurophysiologic Factors for the Sudden Infant

Death Syndrome

Contractor: Boston University, Boston Massachusetts (NOl-HD-3-2789)

Money Allocated: $158,860 (November 1, 1977 through June 30, 1978)

$ 55,000 (Approximate amount under negotiation)

Objectives: One of the distinguishing characteristics of Sudden Infant Death

Syndrome (SIDS) is that the peak age at death is between two and three months

of age. This project is using a twin model to distinguish which of the

potential risk factors for SIDS in the study are under ontogenetic control and

which are not. Sleep apnea, cardio-pulmonary regulation and neurophysiologic

organization (including sleep stage development) are being studied longitu-

dinally in twins and in matched controls. From a variety of epidemiologic

sources, twins have been shown to have about a three-fold increased risk of

dying of SIDS compared to singletons. This apparent risk differential may be

largely due to the generally earlier delivery and lower birthweight of twins.

Thus birthweight, gestational and biometric growth parameters are being

analyzed in relation to the physiologic and developmental variables in the

study.

Major Findings: In addition to the sleep apnea results which have been

published (Pediatrics 59:182-194, 1977), subsequent analysis has shown that:

a. Apnea is lowest in infants with poor somatic growth;

b. High apnea levels are not associated with poor central nervous

system function as assessed by sleep state or sleep spindle

maturation;
c. Apnea levels are not associated with motility levels; and

d. Colds are associated with a decrease in apnea levels during

rapid-eye-movement and interdeterminate sleep, although not in

quiet sleep.

Also, at 40 and 44 weeks of post-conceptual age, cardiac and respiratory

control measures are correlated within sleep states. Neither cardiac nor

control measures are correlated across sleep states, however. Thus

abnormalities in physiologic control may be highly specific to sleep state.

Significance to Biomedical Research and Program of the Institute: Study

results should provide evidence about the extent to which the various factors

under study are under genetic or environmental control. As the variables

under study have been implicated in SIDS etiology, study results should

provide a rational basis for selecting variables which can be manipulated to

prevent SIDS. If behavior (Sander) bed recordings reliably and validly

register polygraphic activity, this device could provide relatively inexpensive

screening for high SIDS-risk infants.
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Proposed Course: Funding for a final contract year, ending June 30, 1979. ^

Project Officer: Howard J. Hoffman
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NICHD ANNUAL REPORT
Laboratory of Developmental Neurobiology

1 October 1977 to 30 September 1978

The Laboratory of Developmental Neurobiology (LDN) is interested in the

development of the nervous system and combines a number of molecular, cellular

and behavioral approaches to the questions: What are the important mechanisms

involved in normal function and maturation of the brain? How do environmental

and experiential factors serve to enhance or retard the normal developmental

program?

Regulation of neuronal maturation and the development of functional contacts

(synapses) are important areas of study as are a number of inductive

phenomena involving protein factors and neurotransmitters. A cell biologic

approach to the synthesis, processing and secretion of neuron-specific

peptides and neurohormones has been developed in invertebrate systems and

applied to the mammalian central nervous system.

We are continuing a strong effort to extend this molecular and cellular

approach to whole animal, behavioral paradigms. A broad neurophysiologic and

ethologic program has been directed toward the analysis of a primate model of

vocal communication.

I. Section on Neurobiology

Functional activity of the nervous system influences its development. Several

lines of evidence now support this conclusion. In tissue culture, we have shown

that the survival, growth and maturation of central nervous system neurons is

markedly impaired in the absence of normal on-going electrical activity. This

sensitivity is specific for central (spinal cord) cells and is not exhibited by

peripheral (dorsal root ganglion) cells. Furthermore, a selective sensitivity

of the central neurons is shown at early phases of their development in vitro .

The high degree of accessibility of the cell culture system should

allow analysis of the critical mechanisms linking functional activity with

early neuronal development.

Evidence for such linkage has been sought in intact animals. Molecular

hybridization experiments in the Section have shown that gene expression

is substantially altered as a function of the experiential history of

developing animals. Earlier experiments on rats raised in experientially

enriched or impoverished environments showed a substantial increase in RNA

complexity (and hence gene expression) from the brains of animals raised in

enriched conditions. A more specific experiment involving lid suture in

kittens gave a similar result. Such visual deprivation produces a 25%

decrease in visual cortex RNA complexity and this decrement was specific to

the visual cortex; other brain regions were not affected. These results

strongly indicate that the developing neuron and the nervous system as a

whole are profoundly affected by the state of activity imposed by the

environment.
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To explore the nature of these effects further characterization of the RNA
molecules altered by environmental factors is necessary. Neuro-differentiation
specific probes are becoming available as a result of experiments with
neuronal cell lines. In the S20Y neuroblastoma clone, some ]5% of the
poly(A)-containing mRNAs expressed in differentiated cells are not present
in undifferentiated cells. It is not yet known how many genes this class of
mRNA represents. Large quantities of this material can be obtained and
analysis of these differentiation-specific sequences can give detailed |^
information about the changes in gene expression which occur in a simple
homogeneous system during a controlled, well defined step of
neuro-differentiation. In addition, we feel that at least some of these
sequences will be of use in probing the more complex problem of brain
development and its dependence on the environment.

Neuronal cell cultures have provided the first unequivocal demonstration
of a presynaptic locus of narcotic action. Physiologic statistical analysis
of the synaptic connection between dorsal root ganglion (DRG) and spinal cord
(SC) cells has revealed that the output of transmitter from the DRG cells is

reduced but postsynaptic sensitivity of the SC cells is not changed under the

action of the opiate, etorphine. The effect is naloxone reversible. This

preparation shows synthesis of a number of peptides, including opiate peptides,
and study of the physiologic effects of neuroactive peptides is a promising
area of future research.

An important aspect of synapse formation has to do with appropriate g^
registration of presynaptic transmitter release sites and areas of high ^
postsynaptic receptor density. A neuronal cell line synthesizes a

material that produces redistribution of acetylcholine receptor on the

surface membrane of cultured muscle cells. Some evidence as to the molecular
characteristics of this aggregation factor has been obtained and experiments

as to the specificity of the cell types synthesizing and responding to

the factor are in progress. We hypothesize that such aggregation factors

could play a central role in the assembly of specific synaptic circuits
and have planned experimental tests of this hypothesis.

II. Section on Functional Neurochemistry

The major focus of the section continues to be the study of peptides and

proteins which are involved in intercellular communication (i.e., as

neurotransmitters, modulators, and 'trophic' agents).

Intensive investigations on three different systems, the identified peptide^ic
neurons in Aplysia , the hypothalamo-neurohypophysial system in the rat, andl^
the pars intermedia cells in the toad, have all contributed to the formulation
of a model describing the biosynthesis, processing, packaging, axonal trans-
port and release of peptide messengers in neurons. Each system has been

valuable in a different aspect of this work: The Aplysia neurons for the

analysis of the cell biological events in the neuron perikaryon, the rat

system to demonstrate that post-translational cleavage occurs during axonal

transport in the secretory granules, and the toad system for the analysis

of catecholamine regulations of peptide release. Three prohormones have be(|^
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discovered and identified immunologically; i.e., oxytocin and vasopressin
in the rat, and ACTH (MSH) in the toad. These systems continue to be useful
for the study of regulation of synthesis and processing of the peptides by
neural input. Several new peptides in the posterior pituitary have been
discovered, and are candidates as new hormones. In addition, the rat system
has been used successfully as a model for the analysis of the
[14C]-2-deoxyglucose technique which can evaluate functional activity of areas
in the mammalian brain, in vivo , in unanesthetized animals.

The work done in the summers at the Marine Biological Laboratory, Woods Hole,
Massachusetts, in collaboration with Dr. R.J. Lasek and Dr. I. Tasaki on the
Squid Giant Axon System continues to be productive. This work has led to

the fonnulation of the "Glial-Neuronal Protein Transfer Hypothesis" which
can, in part, account for the trophic regulation of neurons by glia. In

addition, the strategy being applied to the problem of control of excita-
bility by proteins on the inner surface of the axon membrane has revealed
a membrane substructure (both biochemically and morphologically) involved in

the excitation process. Current efforts are to identify these proteins and
their roles. The most recent and exciting finding in this work has been our
discovering that neurofilament proteins are phosphorylated by a divalent
cation regulated mechanism, and selectively degraded by a calcium activated
protease. The latter mechanism appears to be involved in wallerian
degeneration of axons after damage.

Recent experiments indicate that endorphin may regulate the release of

posterior pituitary hormones. We have recently set up radioimmunoassays
for vasopressin, oxytocin, and neurophysin to test this hypothesis in

in vitro and in vivo release studies. These studies represent a new

biochemical approach to the presynaptic regulation of secretion, and to the

study of the secretion mechanism itself.

Ill . Section on Intermediary Metabolism

Investigators in this section are engaged in studies on the mechanism
of action and the biological role(s) of nerve growth factor. These
studies encompass classical biochemical investigations of enzymes of

neurochemical interest, especially those which catalyze hydroxylation
reactions, as well as developmental studies, in an effort to understand

the involvement of nerve growth factor and other growth factors in

regulation and maintenance of neural metabolism.

During the past year we have made good progress in outlining an intra-

cellular chain of events between the binding of nerve growth factor to,

or the entrance of nerve growth factor into, neurons of the superior
cervical ganglia, and increases in neuron-specific enzymes. The most
exciting observation has been that of increased phosphorylation of a

specific nuclear protein, the Hi histone, in the nuclei of these cells.

It is exciting because it speaks directly to the molecular mechanism

by which nerve growth factor regulated transcription in the cell.

Such increased phosphorylation may change the binding of the protein

to the DNA and thus open new regions for transcription. The observation

that similar changes in Hi phosphorylation occur when epidermal
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growth factor impinges on its target cells may indicate that all the %
growth factors have a common mode of action in their respective
target tissues.

Another interesting observation involves our finding that nerve growth
factor acts on the central nervous system as well. Our current hypothesis
is that the injection of nerve growth factor into the brain activates
the hypothalamus which, in turn, causes the release of pituitary peptides.^
These latter may be responsible for the known effect of nerve growth factc%
in central nervous system repair and behavioral recovery.

During the following year we hope to understand the effects of nerve growth
factor on the phosphorylation of H] histone in a detailed molecular sense.
We will isolate and degrade Hi and pinpoint the positions of increased
phosphorylation. We will also initiate studies on the enzymes responsible
for the phosphorylation. We hope to be able to correlate the molecular
events evoked by nerve growth factor with changes in H] phosphorylation
known to occur normally during various parts of the cell cycle. We also
hope to generalize these effects to the action of other growth factors in

other systems.

Also during the year we hope to test our hypothesis that at least some
of the effects of nerve growth factor on the central nervous system are
via its action on the hypothalamus. We will measure the various pituitary
hormones directly, the pharmacological influences involved in their release,
and the effects of injecting them directly into the brain. In this way we^
hope to explain data already in the literature on the effects of nerve gro^h
factor in the central nervous system.

We hope to exploit the PC 12 clone of pheochromocytoma, a tumor of the
rat adrenal medulla, which has been shown to respond to nerve growth
factor. Using this system we should be able to dissect the nerve growth
factor-invoked molecular events more thoroughly. Also we would like to

initiate studies on other tumors of neural crest origin and discern whether
or not they respond to nerve growth factor or the lack of it.

We hope by these strategies to uncover the basic mechanism of nerve growth
factor action. Along with such studies we would hope to provide a better
understanding of the biological role(s) of nerve growth factor and other
factors in normal and malignant tissues.

IV. Section on Neuroendocrinology

Investigations that have been peformed reveal new and important features W
of the mechanisms involved in the regulation , of large daily changes in

indole metabolism in the pineal gland. These investigations have involved
physiological studies using sheep, monkeys, rats and hamsters; in vitro
studies using pineal glands and dispersed pineal cells, and biochemical
studies using preparations obtained from rat and sheep pineal glands.
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Physiological studies on pregnant sheep and monkeys have found that melatonin

can rapidly cross the placenta, and in this way it seems highly probable

that a circadian rhythm in the fetus is generated by the circadian rhythm

of melatonin in the mother before the fetus can make melatonin. Studies on

monkeys have also established a new model system for studying daily

variations in melatonin for long term periods of up to 5 days.

Cerebrospinal fluid is removed continuously and melatonin is measured by_

RIA. The amount of melatonin in the CSF varies in a rhythmic fashion, with

high values occurring at night. This rhythm is abolished by constant

lighting and persists in constant darkness. A rapid decrease in melatonin

also occurs at night if the room lights are turned on. Current studies are

directed at determining if this endogenous circadian rhythm is driven by the

suprachiasmatic nucleus, which drives many circadian rhythms in the rats.

Investigations on the pineal content of melatonin in the hamster have shown

that this exhibits a rhythmic pattern, persists in constant darkness, and

is abolished by constant light. However, significant alterations in this

pattern do not occur as a result of shift in lighting schedule which cause

gonadal atrophy in the hamster. A clear shift in the timing of the rhythm

was the only difference detected. This raises the possibility that when

melatonin is synthesized is of great importance, not necessarily how much_

melatonin is made.

In vitro studies have added significantly to understanding the natureof the

Idrinergic-cyclic AMP stimulation of pineal N-acetyl transferase activity.

First, the role of mRNA synthesis has been investigated, yielding exciting

new findings. Second, the role of taurine, which occurs in the pineal gland

at high concentrations (20 to 50 mM) was studied indicating that at high

concentrations it can mimick the effects of norepinephrine and that the

release of taurine can be stimulated by a cyclic AMP mechanism. Up to this

point, nothing was known about the physiology of pineal taurine. These

findings suggest it may be involved in the mechanism regulating

N-acetyl transferase activity. Related studies aimed at understanding

modulation of pineal sensitivity to catecholamines has established a new

technique for measuring the number and affinity of pineal adrenoreceptors.

Preliminary results indicate that physiological catecholamines can cause

large and rapid changes in the affinity of these receptors.

Our understanding of the mechanisms involved in regulating pineal

N-acetyl transferase activity has been limited by the ^^^table nature

of this enzyme which makes purification of the enzyme difficult With n

the last year a battery of methods have been developed to stabilize this

enzyme and to purify it. As a result, it will be possible to raise

antibodies against the enzyme and use these antibodies to determine the

number 0? molecules of enz^ne in the cell following adrenergic stimulation.

This multidisiplinary analysis of a single neuroendocrine system continues

to provide insight into a complex neurobiological control system and to

provide examples of mechanisms which may function in other neurobiological

systems.
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V. Section on Brain and Behavior •
Our efforts in FY 1978 continue to pursue a three-dimensional approach to
understanding auditory communication in primates: 1. Structure-function
analyses of the vocal repertoire; 2. brain mechanisms of hearing; 3.
brain mechanisms of sound production.

Structure-function analyses of the vocal repertoire concentrated on two A
kinds of vocalizations. One, the isolation peep, was already scrutinizecrior
individual variability, inter-individual distinctiveness, and ontogenic
changes. This year, we focussed on determining the physical characteristics
of isolation peeps uttered by "hybrid" offspring from different squirrel monkey
subspecies. Results from offspring studied so far are consistent: in each
case, the infant possesses the vocal characteristics of the mother, regardless
of her subspecific origin. This represents the best evidence so far for an
inherited vocal trait in primates. A second kind of vocalization, the
chuck group, has been little-studied prior to this year, primarily because
they occur mainly in social contexts difficult to promote in the laboratory.
This year, spectrographic analysis of available vocal material led to
identification of an individually distinctive microstructural feature in this
call group. We expect this finding to be of value in identifying the
vocal izers during rapid vocal exchanges between two or more monkeys in a

social group. Such a group was established this year, and data from a

variety of social contexts are now being collected and analyzed.

A continuing attribute of our studies on the brain mechanisms of hearing ^
has been the use of species-specific vocalizations as test stimuli.
Our experiments this year amended our past methods by more extensive
parametric comparisons between test vocalizations and artifically generated
sounds. Our parametric analyses of neural activity recorded from the
medial geniculate body (MGB) were largely completed this year, and related
studies of primary auditory cortex are underway. In summary, our current
approach is to investigate various sound parameters of artificial and
natural sounds for effectiveness in triggering neural activity. This
approach has led us to conclude that most neurons in the MGB are triggered
by specific parameters in the frequency/time domain found in both

vocalizations and artificial sounds. Our studies of cortex are aimed at
testing the alternative hypothesis, viz., that cortical neurons are
triggered by natural "features" embedded in the structure of species-specific
vocalizations not found in other sounds.

The study of the brain mechanisms of sound production consists at present
of documenting structural abnormalities in sounds produced by ^
squirrel monkeys subjected to experimental brain damage. These analyses
use as control data our extensive library of vocalizations recorded from
neurologically intact monkeys as well as from the experimental subjects
prior to surgery. These experiments are done in collaboration with
Dr. Paul Maclean, NIMH, who is studying alterations in other behavior
patterns in the same experimental animals. Since the time course over
which each subject is studied exceeds one year, data acquisition proceeds
slowly. Nevertheless, we now have evidence favoring a major role of the |^
rostral periaqueductal gray in producing normal isolation calls.

Lesions to surrounding areas have yielded negative results, increasing

our confidence in this interpretation.
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Project Description:

Objectives : To study the biosynthesis, packaging, axonal transport and

release of specific polypeptides from identified, molluscan, neurosecretory
cells

.

Methods Employed : Conventional biochemical methods for the analysis of pro-^
teins and peptides are employed. In many cases, the conventional techniques^
must be scaled down to the microscale. Most notable in this regard is our use

of the microgradient gel for electrophoresis (in collaboration with
R. Ruchel). Electron microscopic autoradiography is also employed.

Major Findi ngs : The principal sites of prohormone (or propeptide) conversion
to hormone (or peptide) have been located in the identified neurons. These
appear to be the inner face of the golgi body and the neurosecretory granules.

This information has been obtained by correlative electron microscopic auto-

radiography and cell fractionation experiments.

Significance to Biomedical Research and the Program of the Institute : The
main significance of this work is that we have an opportunity in this model

system to examine biochemical events in single neurons (i.e., in the soma)

which are not accessible in more complex nervous systems. The data and

approaches are directly transferrable to vertebrate systems (see project
report on vertebrate peptides). Such studies provide a- firm foundation for

further studies of the cell biology of neuroendocrine systems, which are ^
intimately involved in the growth and development of organisms.

Proposed Course: We are in the final phases of this project. Two

papers (with Dr. E. Neale) are in preparation, and some quantitative
EM autoradiography still has to be done by Dr. Neale.

Publications :

1. Frontal i, N. and Gainer, H.: Peptides in invertebrate nervous systems.
In: Gainer, H. (Ed.), Peptides in Neurobiology , New York, Plenum Press,

pp. 183-219, 1977.

2. Loh, Y. P., Same, Y., Daniels, M. and Gainer, H.: Subcellular
fractionation studies related to neurosecretory protein processing in

Aplysia neurons. J. Neurochem ., 29:135-139, 1977.

3. Loh, Y. P., Ruchel, R. and Gainer, H.: Specificity of Coomassie blue J^
stained, water soluble peptides in single, identified neurosecretory eel 1^
of Aplysia , Hoppe Seyler Z. Physiol. Chem. , 358:667-673.

4. Ruchel, R., Loh, Y. P., and Gainer H.: An improved method for the

extraction of water soluble, neurosecretory peptides from the bag cells

of Aplysia . Hoppe Seyler Z. Physiol. Chem., 358:659-665.
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5. Ruchel, R., Loh, Y.P. and Gainer, H.: Polyacryl amide gel electro-
phoresis: Principles, techniques, and micromethods . In: Lahue, R.
(Ed.), Methods in Neurobiology , New York, Plenum Press, in press.
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of neural coding of this model language . Current emphasis is in the detailed ^
nature of acoustic features or vocal fragments which appear prepotent in

driving cortical cells.
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Project Description:

Objectives : This project is concerned with utilizing neurophysiological and

neuroanatomical techniques to study processing of complex sounds in the

primate central auditory system and in other model systems. Special

attention is being paid to sounds used in intra-specific communication,

to determine which cues are used by the brain and the animal to distinguish

among the various elements in the communication repertoire.

Methods Employed and Major Findings : During FY 1978, analysis of data

collected from the auditory thalamus (MGB) was completed, including extensive

statistical processing of responses to artificial and species-specific

acoustic stimuli. A number of parameters of neuronal discharge were

identified as relevant to the question of "predictability" (i.e., the

degree to which identical processing mechanisms operate on natural and

artificial stimuli). These include: excitation vs. suppression pattern,

slope of rate level function, nonmonotonic properties, best frequency, and

aural dominance. Results of this analysis demonstrate convincingly that

despite apparent diversity and complexity of MGB firing patterns, predictability

is "jery high and the neurons of MGB are better described as physical

structure analyzers than as feature detector neurons. Some evidence

previously obtained in this laboratory suggested that cortical neurons

are better candidates for the feature detector model.

New studies were initiated on auditory contex (primary or AI) during FY 1978

aimed at rigorously testing the above hypothesis. Improved computer

assisted control of vocal stimuli was developed, and a restricted but

in-depth study of vocally responsive cortical neurons was undertaken.

Only cells with vigorous response properties to one or a few of the

vocalizations from our standard set are studied in detail, a restriction

which differs from previous efforts aimed more at inventorying populations

of cells from various areas. The selected cells are then tested repeatedly

for stability of response and deletions and substitutions of vocal fragments

carried out to isolate, if possible, target features. We also routinely

test each neuron with artificial sounds to determine best frequency, aural

dominance properties and intensity threshold.

Results of these studies are in a very preliminary state since substantial

effort was expended to develop methods. Nevertheless, we have already

identified in a few cases vocal fragments which were necessary and

sufficient to trigger unit activity. We anticipate that a large sample

of effective vocal fragments will be required before a pattern of recurring

features emerges.

Study of the songbird auditory system in FY 1978 employed seven Redwinged

Blackbirds ( Agelaius phoeniceus ) to electrophysiolgical ly identify the

cerebral auditory area. A method was developed for studying the electrical

activity of neural units and unit clusters in unanesthetized birds during

presentation of tones or species-specific sounds. A major auditory zone was

located in the neostriatum, where prominent brain potentials could be evoked
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using clicks and short duration tone bursts. The largest potentials and
greatest driven unit activity occurred to three KHz tones, the most
conspicuous frequency band in the species' song and the frequency with the
lowest detection threshold in this species' behavioral audiogram.

Dr. Newman spent a 4 week period at the Max Planck Institute for Psychiatry
in Munich, FRG, conducting experiments in collaboration with staff members
of the Department of Primate Behavior. These studies tested the acoustic
properties of 100 neurons in and near the cingulate gyrus of awake squirrel
monkeys, an area shown by the Munich group to be involved in vocal
production. The methods employed for stimulus presentation and data
analysis were developed by us at NIH for studies on cortex and thalamus.
The results obtained indicate great similarity between cingulate and frontal
cortex, suggesting that a sizeable volume of association and adjacent
limbic cortex may share indirectly in processing acoustic input.

Significance to Biomedical Research and the Program of the Institute : The
studies completed comparing properties of cortical and subcortical auditory
areas with respect to processing of both artificial and naturally occurring
acoustic stimuli are unique and represent substantial additions to knowledge
of brain functioning in the auditory realm. Because the animal model (squirrel
monkey) possesses a rudimentary language with a vocabulary of known components^_
and a syntax, it is anticipated that this knowledge will contribute to future ^
studies on normal and abnormal language development.

Proposed Course : To examine in depth the properties of responsive primary
auditory cortex units in order to test the hypothesis that some fraction
of these units may be described as feature detectors for biologically
relevant acoustic fragments.

Publ ications :

1. Alexander, G. E. , Symmes, D. and Newman, J. D. Neural processing of

simple acoustic stimuli in the medial geniculate nucleus of the un-

anesthetized squirrel monkey. J. Neurophysiol . (In press).

2. Newman, J. D. Perception of sounds used in species-specific communi-
cation: the auditory cortex and beyond. J. Med. Primat . 7_, 98-105, 1978.

3. Newman, J. D. Central nervous system processing of sounds in primates.
In "Neurobiology of Social Communication in Primates. An evolutionary
perspective." H. Steklis and M. J. Raleigh, Eds. Academic Press.

( In press)

.
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This project is concerned with 1) obtaining a detailed description of vocal

behavior of squirrel monkeys , including the frequency of occurrence of defined

microstructural features in a variety of behavioral contexts; and 2) delineating

the relative contribution of genetic and environmental factors to development

of normal vocal behavior. Both feral and laboratory reared monkeys are studied,

and methods employed include spectrographic analysis, manipulation of social

context, and formal behavioral training.
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Project Description:
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Objectives : This project is concerned with 1) obtaining a detailed descrip-
tion of vocal behavior of squirrel monkeys, including the frequency of
occurrence of defined microstructural features in a variety of behavioral
contexts; 2) delineating the relative contribution of genetic and environ-
ment factors to development of normal vocal behavior in infant monkeys. ^

Methods Employed and Major Findings : As a continuation of our studies on
the ontogeny of vocal behavior in laboratory bred squirrel monkeys, we have
analyzed repeated samples of isolation calls from 3 "hybrid" infants during
FY 1978. The parents in each case were from two different sub-species,
distinct in cytogenetic, morphological and behavioral traits. We have
found that all infants most closely resembled the mother in facial features
(definitive as a taxonomic character at the subspecies level), and in
the physical characteristics of the isolation call. These results augment
our studies of the isolation call in "purebred" infants completed last
year, and provide additional evidence of a strong maternal influence
on the development of this vocalization. Further data relevant to these
tentative conclusions will be available in FY 1979 as a consequence of
our obtaining three new healthy hybrid infants during the 1977-1978 breeding
season.

Our continuing studies of the functional significance of the microstructure i
of vocalizations in social behavior focussed on a previously little-studied
group of structurally related vocalizations ("chucks"). Tape recordings of
vocalizations uttered by squirrel monkey dyads were reviewed and chuck
calls selected for spectrographic analysis. A new scheme for identifying
and classifying one microstructural feature (an FM component called the
"flag") was developed, and revealed that individual monkeys characteristically
incorporate a limited subset of flag types when uttering chucks.

Previous efforts to correlate vocal output with social context (semantic
aspects of the model language) have been limited to dyadic groups, primarily
due to lack of space and facilities to observe larger social groups under
conditions of relative isolation from laboratory activities and other
monkeys. During FY 1978 we have been able to establish such a facility in

Building 14D through cooperation of the Primate Research Unit of DRS.

A group of 7 female and one male adult Gothic-arch squirrel monkeys
previously housed together for two years were placed in the new enclosures in |
January 1978. Three healthy infants have been born into the group and "

intensive quantitative observations of social interactions and vocal behavior
among all group members are in progress.

Group activities consist of an almost continuous series of diverse and
complex social and vocal interactions. Direction of agonist interactions
indicates the existence of a linear dominance hierarchy among group members.
On the basis of preferences and aversions shown on three independent measures

|
of social affiliation, we have demonstrated that the monkeys have formed two ^

374



ZOl HD 00054-04 LDN

subgroups or cliques, and most affiliative behaviors are directed to members
of the same clique. Affiliative patterns and dominance structure appear to
be independent of each other.

We have been recording vocal interactions since January 1978, and have found
an extremely rich vocal repertoire. One particular vocalization, the
trailer, has been chosen as the subject of intensive analysis. The trailer
was selected because it is made frequently by most individuals in the
is emitted at sufficient intensity to

liative

(+ 5 sec.) the formation of a huddling group. A statistical analysis o
frequency, direction and sequence of trailers and dominance and/or affi
relationship is planned. The hypothesis being tested is that the trailer
contains information predictive to monkey listeners of the appearance of
affiliative behavior.

Significance to Biomedical Research and the Program of the Institute :

Squirrel monkeys possess one of the most specialized and discrete systems
of vocal communication below man. An account of even part of the semantic
aspects of this system would provide valuable insight into the function
of animal languages in general and provide an excellent animal model for
the study of language disorders in man. Also, knowledge of the outogeny
of squirrel monkey vocalizations can contribute to an understanding of
normal and abnormal speech development.

Proposed Course : In addition to continuing the correlative studies
outlined above, two new initiatives will be pursued during FY 1979.
A) Quantitative behavioral studies of discrimination of vocal stimuli will
be carried out by Dr. Harriet Smith. These studies are made possible by
our acquisition of a second sound isolated testing room in Building 37.
B) Through collaboration with Dr. Benjamin Blood of DRS we will pursue the
collection of field data on vocal behavior of wild squirrel monkeys in the
vicinity of Iquitos, Peru begun during FY 1978. One objective of this
activity will be the importation to the NIH of a naturally formed monkey
troop en masse . All previous animals available to us have been either
purchased from dealers after unsupervised trapping or bred in the laboratory.
Although great difficulties exist in locating suitable monkeys in the wild
and trapping them, the potential value of a natural social group is such
as to justify considerable effort.

Publ ications :

1. Lieblich, A. K. , Symmes, D., Newman, J. D. and Shapiro, M. K. Development
of the isolation peep in laboratory bred squirrel monkeys. Anim. Behav .

In press.
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Newman J D.
, Lieblich, A. K. , Talmage-Riggs , G., and Symmes, D.

Syllable classification and sequencing in twitter calls of squirrel
monkeys (Saimiri sciureus). Z. Tierpsychol . 47, 77-88, 1978.

Symmes, D., Newman, J. D., Talmage-Riggs, G., and Lieblich, A. K.
Uniqueness and stability of isolation peeps in squirrel monkeys
Anim. Behav . (In press).
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The neurointermediate lobe of the toad, Xenopus laeyis , synthesizes and releases

eleven forms of melanocyte stimulating hormone (MSH). Lobes from dark adapted

toads synthesize fourfold more protein and peptide (MSH) than light adapted toads

The release of all eleven forms and degradation of one form of MSH appears to bei

under the regulation of dopamine from the median eminence. The precursor of

a-MSH and ACTH and endorphin has been identified in the lobe immunologically,

and has a molecular weight of 31-36,000. The use of an inhibitor of

glysylation, tunicamycin, has revealed the role of the carbohydrate on the

glycoprotein ACTH precursor to be as a signal for selective post-translational

cleavage.
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Project Description:

Objectives : To study the regulation of biosynthesis and release of MSH

the neurointermediate lobe of the toad, Xenopus laevis .

in

Methods Employed : Similar to methods described in other reports from this

section,

i
Major Findings : a-MSH and ACTH is synthesized in the lobe from the cleavage
of a 31-36,000 dalton glycoprotein precursor. Only the products of cleavage
are released, and this release is inhibited by dopamine. Eleven forms of MSH-
like peptides have been detected in the lobe of the toad, and a new melano-
tropic peptide has been discovered and characterized in the rat brain and
pituitary. Several new papers on the role of precursor glycosylation have
been submitted for publication.

Significance to Biomedical Research and the Program of the Institute : Peptides
such as a- and g-MSH have been implicated in higher brain functions (e.g.,
avoidance learning). While MSH is clearly important for melanophore control
in amphibia, no clear function has emerged for this peptide in mammals.
Studies on this peptide may provide insight into its functional significance.
In addition, the neurointermediate lobe is under profound control by nerve
terminals (biogenic amines) from the hypothalamus, and represents an excellent
model system for the study of neural regulation of release and synthesis of a

peptide messenger. a

Proposed Course : To further identify the ACTH-MSH precursor and intermediates
in the toad lobe, to characterize the structure and function of the new
melanotropic peptide in rat brain, and to study the mechanisms of processing

lease of MSH in the toad lobe and its inhibition by dopamine. Probablyand release of MSH in the toad lobe and its inhibition by dopamine,
the most important direction we will follow is to understand the sign
mechanisms (carbohydrate on the precursor) in relation to the proteol
process.

al

ytic

Publ ications :

1 . Loh, Y. P. and Gainer, H.

:

active forms. Brain Res.,

MSH peptides: Heterogeniety of biologically
130:169-175, 1977.

2. Loh, Y. P. and Gainer, H.: The biosynthesis, processing and control of

release of MSH peptides in the pars intermedia of Xenopus laevis . J. Gen ,

Physiol ., 70:37-58, 1977.
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SUMMARY OF ^ORK (200 words or less - underline keywords)

The use of model giant axons in the squid and crayfish has led to the
formulation of the "Glial-Neuronal Protein Transfer Hypothesis." In addition,
the giant axon has been a useful model for the study of 1 )biochemical
bases of excitability, 2) Intra-axonal Protein Phosphorylation, and 3) The
regulation of axonal growth by Ca^"'" activated proteases.
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Objectives : To study the biosynthetic origins of axoplasmic proteins, and
their functions in axonal excitability and transport.

Methods Employed : Protein biochemical techniques, autoradiography, and
membrane protein labeling techniques.

(

Major Findings : The transfer of macromolecules (i.e., proteins) between
Schwann cells and axons in the squid and crayfish has been unequivocally
demonstrated. Covalent labeling techniques in combination with intra-
axonal perfusion in the squid has revealed a sub-membrane structure
(morphologically and biochemically) involved in excitability. The most
recent findings have been an intra-axonal divalent cation regulated
phosphorylation mechanism which selectively phosphorylates neurofilament
proteins. This phosphyorylation is also regulated by excitation of the
axon. In addition, we have found an intra-axonal Ca"'"'" activated protease
which selectively degrades neurofilament proteins.

Significance of Biomedical Research and the Program of the Institute : Th i

s

definitive demonstration that macromolecules can be transported from glia to
neurons, represents the first example of such metabolic cooperation between
cells in the nervous system, in situ . Such a mechanism may underly trophic
interactions, and be a basis for inter-cellular communication during
development.

Proposed Course : To study the significance of the neurofilament phosphory-
lation and degradation by the Ca'''*-acti vated protease as basic mechanisms
which regulate axonal growth and cytoskeletal turnover. The Rat-Hypothalamo-
Neurohypophysial System is our (Dr. D. Fink) mammalian model for axonal
transport studies

.

Publ ications :

1. Lasek, R. J., Gainer, H. and Barker, J. L.: Cell to cell transfer of
glial proteins to the squid giant axon: the glial-neuronal protein
transfer hypothesis. J. Cell Biol , 74:501-523, 1977.

2. Gainer, H., Tasaki , I. and Lasek, R. J.: Evidence for the glial neuronal
transfer hypothesis from intracellular perfusion studies of squid giant
axons. J. Cell Biol. , 74:524-530, 1977.

3. Yoshioka, T. , Pant, J. C, Tasaki, I., Baumgold, J.: An approach to

study of Intracellular Proteins related to the excitability of the
squid giant axon. Biochem. Biophys. Acta 538:616-626, 1977.

4. Pant, H., Terrakawa, S., Baumgold, J., Tasaki, I., and Gainer, H.:

Protein release from the internal surface of the squid giant axon
membrane during excitation and potassium depolarization. Biochem .

Biophys. Acta , in press.
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5. Pant, H. C, Shecket, G., Gainer, H., and Lasek, R. J.: Neurofilament
protein is phosphorylated in the squid giant axon. J . Gel 1 Biol .

,

in press.

6. Pant, H. C, Yoshioka, T., Tasaki, I., and Gainer, H.: Divalent
Cation dependent phosphorylation of proteins in squid giant axon.
B ra i n Res . , in press.

7. Gainer, H.: Intercellular transfer of proteins from glial cells to

axons, Trends in the Neurosciences, in press.
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Project Description:

Objectives : To determine whether the neurohypophysial peptide hormones,
oxytocin and vasopressin, are synthesized as prohormones (protein precursor),
and to study the cellular mechanisms underlying this process. This vertebrate
neurosecretory system is ideal as a model for the development of necessary
techniques and approaches for the study of peptidergic neurons and systems in
general. The latter represents a major long-term objective of this section.

Methods Employed : Gel! electrophoresis, thin-layer chromatography, high-
voltage electrophoresis, radioisotope technology, sterotaxic intracerebral
micro-injection, and isolation of brain nuclei for analysis.

Major Findings : The prohormones for vasopressin and oxytocin have been
identified and isolated (vasopressin prohormone, 20,000 daltons, pi 6.1;
oxytocin prohormone, 20,000 dalton, pi 5.4). Intermediates of each prohormone
during processing in the neurons have also been characterized. Rats with
diabetes insipidus do not synthesize the vasopressin prohormone.

Significance to Biomedical Research and the Program of the Institute : The
finding that oxytocin and vasopressin are synthesized first as prohormones
places these neuronal peptides in the same category as other peptide hormones
(e.g., pro-insulin, insulin). Perhaps more significant is that the experi-
mental paradigm first developed for molluscan identified neurons is highly
effective as an approach for peptide biosynthesis in vertebrate systems.
Such peptidergic neurons and systems in the vertebrate brain may have
important regulatory (e.g., trophic) and integrative roles during development.

Proposed Course : To study the proteolytic enzymes, involved in the conversion
of the prohormones to the hormones, and to examine the proteins associated
with the secretory granule membrane. The major efforts will be 1) to
unequivocally demonstrate that vasopressin (as well as neurophysin) is part
of the precursor and 2) to further chemically identify the newly discovered
peptides in order to evaluate their physiological significance.

Pub! ications :

1. Gainer, H., Loh, Y. P. and Same, Y.: Biosynthesis of Neuronal Peptides.
In: Gainer, H. (Ed.), Peptides in Neurobiology , New York, Plenum Press,

pp. 183-219, 1977.

2. Gainer, H., Same, Y. and Brownstein, M. J.: Biosynthesis and axonal
transport of neurohypophysial proteins and peptides in the rat. J. Cell
Biol ., 73:366-381, 1977.

3. Schwartz, W. J. and Gainer, H.: Suprachiasmatic Nucleus: Use of [ C]-

2 Deoxyglucose uptake as a functional marker. Science 197:1089-1091,
1977.

4. Brownstein, J. J. and Gainer, H.: Neurophysin biosynthesis in normal
rats and in rats with hereditary diabetes insipidus. Proc. Nat. Acad .

USA, 74:4046-4049.
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5. Brownstein, M. J., Robinson, A. G., and Gainer, H.: Immunological
identification of rat neurophysin precursors. Nature 269:259-261, 1977,

6. Gainer, H. and Brownstein, M. J.: Identification of the precursors to
rat neurophysins. In "The Cell Biology of Neurosecretory Processes
in the Hypothalamus," Eds. J. D. Vincent and C. Kordon, CNRS press, in

press.

7. Gainer, H. and Brownstein, M. J.: Electrophoretic Analysis of Proteins
Transported to the Rat Posterior Pituitary. J. Neurochem ., in press.
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SUMMARY OF WORK (200 ^ords or less - underline keywords)

Using dissociated fetal mouse spinal cord cells grown in culture, we have
investigated aspects of the postsynaptic pharmacology of these mammalian central
neurons. In culture these neurons are known to exhibit characteristic
responses to the excitatory amino acid glutamate (GLU) and the inhibitory
amino acids glycine (GLY), and gamma-aminobutyric acid (GABA). GABAergic
inhibition has previously been demonstrated to be decreased by certain
convulsant agents (e.g. penicillin and pentylenetetrazol) and increased by
some anticonvulsant agents (diazepam and phenobarbi tal ) . We have found that
the anticonvulsant agent valproic acid (VPA) specifically augments postsynaptic
GABA-mediated inhibition. Such GABA-mediated inhibition may be the common
mechanism of action of the major anticonvulsant agents.

Delta aminolevulinic acid (ALA), a porphyrin precursor, has been found to
attenuate all postsynaptic amino responses but more profoundly affects
responses to GABA and GLY, the inhibitory amino acids. ALA was distinctly
not GABAergic in action, in contrast to previous reports of such GABAergic
responses in invertebrate preparations 585
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Objectives : We wanted to investigate aspects of the postsynaptic pharmacology
of dissociated mammalian neurons in culture. Specifically investigated were
the known responses to the putative neurotransmitter amino acids and the
modification of such responses by certain agents. Among the agents
investigated were valproic acid (VPA), an anticonvulsant recently released ^
for use in the United States, used mainly in the treatment of absence w
seizures but effective in the therapy of many generalized seizure types.
Also investigated was delta aminolevulinic acid (ALA), a porphyrin
precursor that accumulates during acute attacks of the hepatic porphyrins.
Such porphyric attacks may include protean neurologic manifestations
(e.g. seizures, pain, paresis).

Methods Employed: Fetal mouse spinal cord neurons were grown in dissociated
cell cultures for five to ten weeks. Using KCl or KAc micropipettes
individual neurons were penetrated and stable intracellular recordings
were obtained while the culture was maintained on a heated, pH controlled
stage of an inverted phase microscope. Responses to amino acids were
obtained by iontophoresis through micropipettes immediately adjacent to

the cell soma. Another adjacent iontophoretic pipette containing the
agent under study (VPA or ALA) was used to test for modulation of amino
acid responses.

Major Findings : Valproic acid was demonstrated to consistently and selective^
augment the postsynaptic GABA response. VPA had no demonstrable direct
effect on neuronal input resistance or membrane potentials. This potentiation
of GABA-mediated postsynaptic inhibition is similar to that reported for
phenobarbi tal and diazepam. The mechanism of action may involve a GABA
modulator site; activation of chloride channels is unlilely in view of the

failure of VPA to significantly affect GLY responses.

ALA has been reported by other investigators to have a GABAergic effect on

invertebrate preparations. In our mammalian neuronal system, ALA produced
a direct excitatory response that desensitized (reversibly) and exhibited
a reversal potential near that of glutamate and quite disparate from the

GABA reversal potential. At currents much lower than those needed for a

direct response, ALA produced marked attenuation of the membrane responses
to inhibitory (GLY and GABA) and, to a lesser degree, excitatory (GLU)

amino acids. Such modification of amino acid responses may explain some
of the neurologic manifestations of acute porphyria.

iSignificance to Biomedical Research and the Program of the Institute : ^
Dissociated neuronal cultures provide a system that optimizes cell

accessibility and the ability to alter cellular milieu. This allows

investigation of the postsynaptic mechanisms that may account for the

actions of therapeutic agents (e.g. anticonvulsants) as well as potentially
pathological substances. Knowledge of the pharmacology and pathophysiology
at the level of the neuronal cell membrane is important in developing
directed therapeutic approaches to neurologic disorders. M
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Proposed Course : Other anticonvulsant agents are being investigated.

Perfusion experiments investigating the effects of ALA on neuronal

spontaneous activity and excitability are in progress.

Publications :

1. Bergey, G. K. and Macdonald, R. L. The porphyrin precursor delta

aminolevulinic acid diminishes amino acid responses in cultured murine

spinal cord neurons. Trans. Am. Neurol. Assoc . (In press).

2. Macdonald, R. L. and Bergey, G. K. Valproic acid augments GABA-

mediated postsynaptic inhibition in cultured mammalian neurons.

Trans. Am. Neurol . Assoc. (In press).

3. Macdonald, R. L. and Barker, J. L. : Specific antagonism of GABA-mediated

postsynaptic inhibition in cultured mammalian spinal cord neurons:

A common mode of convulsant action. Neurology 28, No. 4, pp. 325-330.

»
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Vocalizations from adult squirrel monkeys with defined brain lesions are

recording onto magnetic tape and analyzed with the sound spectrograph.

Subjects are tested and observed in a range of social contexts to characteri^
vocal changes following damage to specific brain structures . Current work w
is directed toward an assessment of the effects on vocal performance of

lesions in tegmental pathways.

388

PHS-6040



ZOl HD 00062-02 LDN

Project Description:

Objectives : This project is concerned with the brain sites and neural

mechanisms by which vocalizations are initiated and controlled, A major

objective is to form a link with our ongoing studies of the perceptual and

behavioral aspects of vocal communication, leading to an overall under-

standing of the communicative process. A further goal is to correlate the

brain mechanisms of vocalization with those controlling other forms of

emotional behavior, to enlarge our understanding of the neural control of

social behavior in general.

Methods Employed and Major Findings : During FY 1978, three additional

monkeys with discrete brain lesions in the vicinty of the nucleus

ruber were studied for possible abnormalities in their isolation calls. All

individuals in this group uttered isolation calls within the normal range

of structural characteristics. Histological reconstruction of the lesioned

brain sites in these monkeys is either in progress or scheduled.

Detailed examination of the brains of those monkeys previously shown to

have significant vocal abnormalities was completed during FY 1978, and a

correlation between lesioned brain site and vocal abnormality is evident:

1) restricted damage to the lateral tegmentum at the level of the zona

incerta and peripeduncular nucleus correlates with production of "infantile"

isolation calls (short duration; unsteady time course; noisy components);

2) damage extending more medially to include the rostral periaqueductal

gray correlates with reduced capacity to utter isolation calls (expiratory

noise replacing the usual tonal sounds); 3) involvement of the periaqueductal

gray from the peripeduncular region to the pontine border correlates

with a more subtle but characteristic abnormality, the presence of

additional low frequency harmonic components in isolation calls. These

results suggest that the rostral periaqueductal gray is a key site in

controlling the patterning of adult isolation calls.

Significance to Biomedical Research and the Program of the Institute : Prior

work on neurological intervention of mammalian vocal behavior has demonstrated

either complete inability to vocalize (mutism) or inability to performed

conditioned vocalizations. Results from this project are the first to

demonstrate deviations from normal vocal communication following discrete

lesions to the central nervous system. The future course of this work may

provide more complete information about brain structures important in control-

ling articulation, patterning, and thresholds of vocalization. This work is

therefore relevent both to the pathology of social communication as well as

to the neural mechanisms controlling emotional expression.

Proposed Course : Additional monkeys are scheduled for lesions in the rostral

periaqueductal gray to confirm the role of this brain region in the

production of the isolation call. A wider range of contexts will be studied

to enlarge the classes of vocalizations available for analysis following

surgery.

Publ ications : None.
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A new approach to the identification of physiologically active peptides using
covalent labeling techniques is in progress (using dansylantion, reductive
aklylation, and iodination). A release technique has been developed to analyse
presynaptic actions of peptides and various drugs. ^
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Project Description:

Objectives : To identify new physiology active peptides in the brain, and

their functions.

Methods Employed : Covalent labeling biochemical techniques for detection of

peptides, and electrophysiological, and behavioral techniques as functional

assays (release techniques).

Major Findings : The major findings have been more in the form of development
of techniques by Dr. D. Fink. These techniques can detect 10"^ - 10"^2

moles of peptides released by train slices in vitro , and are being employed
as described below (Proposed Course).

Significance of Biomedical Research and the Program of the Institute : With
such detection techniques, new peptides in the brain can be discovered, and

these are likely to be of relevance to normal and pathological brain function.

Proposed Course : To examine the olfactory bulb and posterior pituitary
systems with regard to the release of vasopressin, oxytocin, and endorphin,
respectively. These systems will serve as test models for the paradigm, as

well as provide new information about control of peptides released from
these neural areas.

Publ ications :

1. Mata, M., Gainer, H. and Klee, W.: Effect of dehydration on the endogenous
opiate content of the rat neuro- intermediate lobe. Life Sciences
21:1159-1162, 1977.

2. Gainer, H., Input-Output relations of neurosecretory cells, In

Proceedings of the 8th Int. Symp. Comp. Endocrinol., (Eds.) G. Joose,

Elsevier-North Holland Press, in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

Excitatory synaptic boutons in cell culture of mouse spinal cord contain

spherical vesicles , while most inhibitory boutons (probably glycinergic in

nature) have very slightly (but significantly) more ellipsoidal vesicles .

A population of boutons with more pleomorphic vesicles also exists in

spinal cord cultures. Cerebellar Purkinje cells in culture (probably GABAergi^

have markedly pleomorphic vesicles in their synaptic terminals.

An opiate agonist has been shown to decrease quanta! output from dorsal root

ganglion cells without affecting post-synaptic responsiveness of spinal cord

cells. Chronic blockade of action potentials in developing cell cultures

produces a marked deficit in survival, growth and maturation of spinal cord

cells Dorsal root ganglion cells are not affected.
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Project Description:

Objectives : To understand the mechanisms underlying central synaptic action

and to study the factors affecting formation and development of central

neurons and their synapses.

Method Employed : A reliable method of establishing central neurons in cell

cultures has been developed. Intracellular recording and iontophoretic

application of neuroactive compounds is coupled with regulating the environ-

ment of the recorded neurons by a perfusion system. Intracellular staining
_

of nerve cells with horseradish peroxidase allows positive identification of

all ramifications of the injected neurons in electron micrographs. Computer

analysis of synaptic activity allows statistical evaluation of pre- and post-

synaptic mechanisms. A method for producing accessible cell cultures of

cerebellar Purkinje cells has been devised.

Major Findings : Cell cultures of fetal mouse cerebellum have been produced

which for the first time contain clearly demonstrated Purkinje cells.

The pharmacological responses of these cells are distinct from spinal

cord neurons. The inhibitory synaptic terminals of spinal cord cells contain

vesicles markedly less pleomorphic than those of Purkinje cells and of other

inhibitory connections that have been identified in in vivo studies.

Chronic treatment of developing spinal cord (SC) and dorsal root ganglion

cell cultures with tetrodotoxin (a specific action potential blocking agent)

produces a selective failure of maturation of SC cells. There is an early

critical period of vulnerability while the neurons are developing; a similar

treatment of relatively mature neurons does not have a comparable effect.

The synaptic connections between different cell types in the SC and ORG

cell cultures have been quantitatively characterized by electrophysiological

techniques and fine structurally. One such connection, that from the ORG to

SC cell, has been used as a test for the synaptic action of an opiate agonist,

etorphine. This agent produces a naloxone reversible depression of the

number of quantal synaptic events produced by the ORG cell but does not

alter the SC cell responsiveness to the transmitter released by the ORG cell.

Significance to Biomedical Research and the Program of the Institute : The

Institute is directly concerned with factors that are of importance for the

normal maturation of the nervous system. The fact that early in their

development central neurons require functional activation in order for

their survival and normal maturation to occur has potentially broad

implications in this regard. The inadequately stimulated and activated

nervous system may suffer a deficit in neuronal survival and such effects

could represent a permanent loss of functional capability.

Proposed Course : Further physiologic and anatomical studies of the central

nervous system cell cultures involving the mechanisms of action of catechol

amines and neuropeptides are planned. Further analysis of the mechanism

by which functional activity affects neuronal survival are necessary.

Some clinically oriented chronic neuropharmacologic studies involving

anticonvulsants have been begun and will be continued to be expanded.
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Publ ications:

1. Nelson, P. G. : Neuronal Cell Lines. In Fedoroff, S. and Hertz, L. (eds.)
Cell, Tissue and Organ Cultures in Neurobiology . New York, Academic
Press, 1977, pp. 347-365.

2. Nelson, P. G., Neale, E.A. and Macdonald, R. L. : Formation and
modification of synapses in central nervous system cell cultures.
Fed. Proceedings 37_, No. 7, May 15, 1978.

3. Neale, E. , Macdonald, R. L. and Nelson, P. G.: Intracellular horseradish
peroxidase injection for correlation of light and electron microscopic
anatomy with synaptic physiology of cultured mouse spinal cord

neurons. Brain Res. (In press).

4. Macdonald, R. L. and Nelson, P. G. Specific-opiate-induced depression
of transmitter release from dorsal root ganglion cells in culture.
Science 199 :1449-1451. 1978.

5. Nelson, P. G.: Neuronal cell cultures and toxocologic test systems.
Environmental Health Perspectives. In press.
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Project Description:

Objectives : To chemically and physiologically characterize pineal compounds
which influence function of the pituitary gland, including those aspects
concerned with reproduction. To describe the mechanism through which pineal
compounds act and to design drugs which are more potent and long lived ^^
as compared to the parent compound, or block the effects of the pineal ^^
compounds.

Methods Employed : A pituitary organ culture system and a pituitary cell
culture system using neonatal and adult pituitary tissue is used. This
approach proves a highly sensitive and precise means of measuring the effects
of pineal hormones on the pituitary gland. _In vivo systems are also used to

further explore the effects of compounds of interest and of alterations in

pineal function. Immunoassay procedures are used to measure the amount of

pituitary hormones release following treatment with test compounds.

Major Findings : (1) In vivo studies have shown that melatonin is quite
active in the neonatal animal in blocking the effects of luteinizing hormone
releasing factor. This effect is greater in males than in females and can be

easily demonstrated in neonatal animals but not in adult rats. The adult
rats used were prepared so that pineal function was minimal, by either removal
of the pineal gland or by constant light exposure. The available evidence^

indicates that during development there is a masking of the effects of

melatonin, perhaps by increased metabolism or by decreased numbers of criti-

cal melatonin receptors. Extension of these studies also indicates that FSH

release is also blocked by melatonin in the neonatal but not adult rat. (2)

The following compounds related to melatonin were found to be inactive in

blocking the in vitro effects of luteinizing hormone releasing factor:

6-hydroxymelatonin (a major metabolite of melatonin) and N-acetyltryptamine
(an analog of melatonin lacking the 5-methoxy group). In contrast, fluoro-
derivatives of melatonin 4,6-difluoro melatonin and 6-fluoromelatonin were

found to be potent.

Significance to Biomedical Research and the Program of the Institute : These

studies are consistent with the published program of the Institute to support

research in reproductive biology. The results of these studies may lead to

an increased understanding of the role of the pineal gland in reproduction
and to the development of new drugs to alter reproduction by either mimicking
the effects of pineal compounds or blocking their effect. Finally,

abnormalities in reproductive physiology may be explained on the basis of

pineal function.

Proposed Course of Project : Effects on melatonin during development will be

studied to clearly determine when these effects can and cannot be demon-

strated, and what controls the sensitivity to melatonin. Both i^ vivo and in

vitro systems will be used.
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Publications:

1. Klein, D. C. and Martin, J. (1978): Direct effects of pineal indoles on

the pituitary response to luteinizing-hormone. In Sexual Endocrinology,
(eds. S. Vokaer and J. DeMaubeugh) . Masson Publishing, New York,

pp. 175-184.
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SUMMARY OF .^ORK (200 .(ords or less - underline keywords)

The purpose of this research is to provide information on the mode of

action of nerve growth factor . Nerve growth factor is required for the

development and maintenance of the sympathetic nervous system and may be

prototypic for factors involved in differentiation of various cell types.

The mechanism by which nerve growth factor induces the enzymes involved in

the synthesis of the sympathetic transmitter, norepinephrine , must be

understood to permit a full understanding of the mechanism. Finally,

nerve growth factor action must be understood before complete information

is available about the development and differentiation of the non-dividing,

non-replaceable neurons of the central nervous system .
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Project Description:

Objectives : (1) To investigate the nature of the action on nerve growth

factor on the growth and maintenance of the sympathetic nervous system;

(2) to delineate the intracellular events mediating the action of nerve

growth factor in sympathetic and sensory neurons; (3) to understand the

rail action of nerve growth factor in its targets and to determine if

there are other factors which direct the development of other types of

neurons; (4) to study the actions of other known factors in other types of

cells and compare their molecular modes of action with that of the nerve

growth factor; (5) to characterize the action of nerve growth factor in

the central nervous system; (6) to measure the levels of nerve growth

factor in clinically relevant conditions, such as those involving tumors

of the sympathetic nervous system or of other neural crest-derived tissues.

Methods Employed : The methods include standard techniques of cell culture

and in vivo investigations of the sympathetic nervous system. Enzyme assay,

small animal surgery, and stereotaxic administration are used, as well as

biological methods by which nerve growth factor is measured. Slab gel

electrophoresis provides an integral tool for many of the studies. Standard

immunological techniques are employed for the preparation and implementation

of the relevant antibodies.

Major findings : (1) A key intracellular event in the action of nerve

growth factor on its target tissues is the rapid and several-fold induction

of ornithine decarboxylase, an enzyme widely implicated in growth processes

in other tissues; this induction is followed by an increase in the activity

of the RNA polymerases; (2) The induction of ornithine decarboxylase is

preceded in the ganglia by an increased phosphorylation of the H-, histone;

(3) A similar change is also seen upon administration of epidermal growth

factor to its target tissue, epidermis; this may represent the common

initial intracellular event linking the action of the various growth fac-

tors on their respective target tissues; (4) Ornithine decarboxylase is

induced in the central nervous system by nerve growth factor; (5) The

administration of nerve growth factor to the central nervous system also

leads to an activation of the hypothalamus and a consequent release of

pituitary hormones.

Significance to Biomedical Research and the Program of the Institute :

Nerve growth factor is the best characterized and, indeed, the first

known growth factor. It is required for the growth and maintenance of

sympathetic neurons. Its mechanism of action, therefore, is of extreme

interest and is as yet largely unknown. An understanding of the

mechanism of action of nerve growth factor might lead to a better under-

standing of the mode of regulation of the growth of neurons and of their

differentiation. Further, understanding of the mechanism by which nerve

growth factor affects cell development may give clues as to the normal

regulation of the growth of mammalian cells and, specifically, of

neurons, and to the process of genetic expression. Then, studies on

nerve growth factor may indicate ways in which the selectivity of neural
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connectivity can be understood and, indeed, altered. Finally, a molecular
understanding of nerve growth factor action may lead to a common thread

for the action of growth factors in general on their target cells.

Proposed course of the project : (1) Continued study of the nuclear events

following nerve growth factor action in the cell; identification of the ^
sites of increased phosphorylation on the H, histone and a study of the '•

kinases which perform the phosphorylation. (2) Continued study of the

action of nerve growth factor in activating the hypothalamus; pharmacologic

dissection of the mode of activation; assay of pituitary honnones released;

attempt an in vitro study of the action of nerve growth factor in the central

nervous system using primary cultures of brain. (3) Further studies on epider-

mal growth factor and a comparison of the molecular mechanism in epidermal

cultures with that of nerve growth factor in sympathetic ganglia. (4) A

search for other histone modifications responsive to nerve growth factor;

investigation of the post-translational modifications, e.g. methylation, ace-

tylation, ADP-ribosylation, occuring in sympathetic neuron nuclear proteins.

(5) Use of PC 12 pheochromocytoma, a nerve growth factor-responsive clone of

an adrenal medulla tumor, as a model; search for responses in ornithine

decarboxylase, histone H-, phosphorylation, protein kinase alterations,

and their effect on the eventual differentiation produced by nerve growth

factor.

Publications: ^^

1. Yu, M.W., Nikodijevic, B., Lakshmanan, J., Rowe, V., MacDonnell,

P., and Guroff, G.: Nerve growth factor and the activity of

tyrosine hydroxylase in organ culture of rat superior cervical

ganglia. J. Neurochem. . 28: 835-842, 1977.

2. MacDonnell, P., Tolson, N., Yu, M.W., and Guroff, G.: De novo

synthesis of tyrosine hydroxylase in rat superior cervical

gnaglia in vitro : The effect of nerve growth factor. J.

Neurochem . , 28: 843-849, 1977.

3. Nikodijevic, B., Yu, M.W., and Guroff, G. : Effects of nerve

growth factor and nerve growth factor antiserum on tyrosine

hydroxylase and dihydropteridine reductase activities in

rat superior cervical ganglia. J. Neurochem ., 28 : 851-852,

1977.

4. Guroff, G.: Phenylketonuria - clinical and biochemical rela-

tionship. In Kumar, S. (ed.): Clinical and Biochemical Aspects

of Perinatal Medicine , Pergamon Press, Oxford, in press.

5. Yu, M.W., Lakshmanan, J., and Guroff, G. : The chemical control

of neuronal growth - the nerve growth factor. In Youdim, M.

,

Lovenberg, W., Sharman, D.F., and Lagnado, J.R., (eds.): Essays

in Neurochemistry and Neuropharmacology , vol. 3, John Wiley and ft

Sons, Ltd. 1978, pp. 33-48.
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6. Letendre, C.H,, Nagaiah, K, , and Guroff, G. : Brain Amino acids.
In Kumar, S. (ed.): The Biochemistry of the Brain , Pergamon
Press, Oxford, in press.

7. MacDonnell, P., Huff, K. , Grouse, L., and Guroff, G. : Brain
Nucleic Acids. In Kumar, S. (ed.): The Biochemistry of the
Brain , Pergamon Press, Oxford, in press.

8. Nagaiah, K. , MacDonnell, P., and Guroff, G. : Induction of
tyrosine hydroxylase synthesis in rat superior cervical
ganglia by nerve growth factor and dexamethasone in vitro .

Biochem. Biophys. Res. Comm. , 75_: 832-837, 1977.

9. MacDonnell, P., Tolson, N., and Guroff, G. : Selective de
novo synthesis of tyrosine hydroxylase in organ cultures of
rat superior cervical ganglia after in vivo administration of
nerve growth factor. J. Biol. Chem. , 252 : 5859-5863, 1977.

10. MacDonnell, P., Nagaiah, K. , Lakshmanan, J., and Guroff, G.

:

Nerve growth factor increases activity of ornithine decar-
boxylase in superior cervical ganglia of young rats. Proc.
Natl. Acad. Sci., USA , 74, 4681-4684, 1977.

11. Lewis, M.E., Lakshmanan, J., Nagaiah, K. , MacDonnell, P.,
and Guroff, G. : Nerve growth factor increases activity of
ornithine decarboxylase in rat brain. Proc. Natl. Acad. Sci.,
USA , 75, 1021-1023, 1978.

12. Huff, K., Lakshmanan, J., and Guroff, G.: RNA polymerase acti-
vity in the superior cervical ganglia of the neonatal rat: The
effect of nerve growth factor. J. Neurochem. , in press.

13. Yu, M.W., Hori, S., Tolson, N., Huff, K. , and Guroff, G.:
Increased phosphorylation of a specific nuclear protein in rat
superior cervical ganglia in response to nerve growth factor.
Biochem. Biophys. Res. Comm. , 81_: 941-946, 1978.

14. Nagaiah, K. , Lakshmanan, T. , Montgomery, P., Yu, M.W., and Guroff,
G. : Characteristics of the purified nerve growth factor anti-
body. J. Neurochem. , in press.

15. Nagaiah, K. , Ikeno, T. , Lakshmanan, T. , MacDonnell, P. and Guroff,
G.: Intraventricular administration of nerve growth factor
induces ornithine decarboxylase in peripheral tissues of the
rat. Proc. Natl. Acad. Sci. USA , 7^: 2512-2515, 1978.

16. Ikeno, T. , MacDonnell, P., Nagaiah, K. , and Guroff, G. : The
permissive effect of cortical steroids in the induction of
brain ornithine decarboxylase by nerve growth factor. Biochem.
Biophys. Res. Comm. , 82_, 957-963, 1978.
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17. Guroff, G. : Inborn errors of metabolism and the nutrition of
the brain. In Nutrition and the Brain Wurtman, R.J. and Wurtman,
J.J. (eds.): Raven Press, New York, in press.

18. Guroff, G. : Molecular Neurobiology , Marcel Dekker, Inc., New
York, in press.

r

e

f02



Addenda

It should be noted that, within the past year, we have, thorough the
study of nerve growth factor, collaborated with or provided materials
(nerve growth factor or nerve growth factor antibody) for the use of:

Drs. Phil Nelson, Bob MacDonald, and Cliff Christian LDN, NICHD
Dr. Rosemary Rees, LNNS, N

Dr. Robert Gallagher, LTCB, N

Drs. Michael Lewis and Donald Stein, Department of Psychology, Clark University
Dr. Rejic, Byelorussia
Dr. Joe Neale, Georgetown University & AFRI

Dr. David Klein, LDN, NICHD
Dr. Josh Fidler, Frederick Cancer Center
Drs. Gerry Chader and David Newsome, LVR, EI

Dr. Bud Rowe, University of Kansas

Dr. Uriel Bachrach, Hebrew University, Jerusalem
Dr. David Schwartz, George Washington University
Dr. Andy Parfitt, AFRI
Dr. Gad Gilad, LCS, M

Dr. S. Devare, Frederick Cancer Center
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Project Description:

Objectives ; To determine how stress, central neural structures,
environmental and pharmacological factors influence horomonal secretion by
the pineal gland, and to study the fundamental nature of circadian rhythms.

Methods Employed : (1) To determine the central neural, environmental and
pharmacological factors influencing the pineal gland, pineal glands are
removed from treated animals and the activity of metabolites and enzymes are
measured. The animals are treated with drugs, hormones, or experimental
environmental regimes, including stress and constant darkness, and in some
cases are surgically prepared by the precise destruction of small areas of
the brain and neural structures thought to be part of the neuronal circuit
regulating the pineal gland.

In addition, small areas of the brain known to be involved in the
regulation of the pineal gland are removed and the amounts of neurotrans-
mitters they contain are determined after experimental treatment.

(2) Circadian rhythms are studied by measuring the effects of destruct-
ion of brain areas on the circadian rhythm in pineal N-acetyltransferase
activity.

Major Findings : Dr. Klein, in collaboration with Dr. R. Kvetnansky (NIMH)

,

had found that repeated stressful experiences, of up to 40 2-hour immobiliza-
tions, are ineffective in increasing N-acetyltransferase activity in pineal
glands with intact and functioning sympathetic nerve endings. The amount of
circulating norepinephrine in these stressed animals is over 100-fold greater
than that in unstressed animals, indicating that the pineal cells must be
protected by nerves from circulating norepinephrine. These studies show that
the release of norepinephrine from neirves as a result of stress must be
negligable in the pineal gland, because N-acetyltransferase does not increase.
It was also discovered that the amount of epinephrine in the gland increased
during stress, due to uptake into nerve endings.

(2) Dr. Klein, in collaboration with Dr. Moore discovered that the
hypothalamic suprachrasmatic nucleus regulates pineal hydroxyindole-0-
methyltransferase.

(3) Dr. Reppert, working with Dr. Perlow has discovered a daily rhythm
in CSF melatonin in the rhesus monkey that is circadian in nature and persists
in constant darkness but not constant light. This experimental model allows
for long term analysis of the rhythm in melatonin, and will permit studies on
the central neural structures involved in this rhythm in the primate to be
done.

(4) Dr. Tamarkin has discovered that pineal melatonin in the Syrian
hamster increases at night, rapidly decreases following exposure to light
and that the nocturnal increase in the result of adrenergic stimulation.
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Sisnificance to Biomedical Research and the Program of the Institute : A
growing body of knowledge points to the pineal gland as the source a compound
that inhibits reproduction, and that this compound is melatonin. Large
changes in melatonin production are regulated by N-acetyltransferase. Thus,
an increase in understanding of how melatonin production is regulated pro-
vides a more complete description of the interaction of the pineal gland W
reproductive physiology. v

With knowledge in hand regarding the factors which regulate melatonin
production including drugs, environment, developmental site, it is clearly
possible to regulate the production of this compound, to either increase
it or decrease it, and to predict when production would be enhanced. Our
studies on circadian rhythms in animals may have direct influence on the
modem day problem of "jet lag". If we can alter the rate at which new
circadian patterns are established in rats and hamsters after a shift in

lighting schedules, it seems possible that this might be applied to humans
to prevent "jet lag".

Proposed Course of Project : (1) Environmental factors: Studies on the
influence of stress and environmental lighting on melatonin will continue
using the rhesus monkey. (2) Central neural regulation of melatonin:
Previous studies have indicated that the suprachiasmatic nucleus regulates
the melatonin rhythm in rats. It will be determined if this is the case also
in the rhesus monkey. (3) In collaboration with Dr. Hoffman circadian ^'
rhythms in body temperature and running activity will be analyzed. After
these rhythms are described, we will determine how drugs can alter circadian
rhythms and accelerate shifts in circadian rhythms.

Publications:

1. Klein, D. C. (1977): Pineal function: Control of circadian rhythms.
Proceedings of the Fifth International Congress of Endocrinology:
Excerpta Medica International Congress Series No. 402: Endocrinology
Vol. I, (eds. V. H. T. James). Excerpta Medica, Amsterdam.

2. Klein, D. C. (1978): The pineal gland: a model of neuroendocrine
regulation in The Hypotalamus (eds., S. Reichlin, R.J. Baldessarini,
and J. Martin). Raven Press, New York, pp. 303-327.

3. Tamarkin, L., Reppert, S., and Klein, D. C. : Regulation of melatonin
in the Syrian Hamster. Endocrinology (in press)

.
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Project Description:

Objectives : To describe the transsynaptic mechanisms through which neuronal
activity regulates biochemical activity in the pineal gland.

Methods Employed : Cultures of pineal tissue are used to study the molecujA
mechanisms through which neuronal activity regulates biochemical activity.
These preparations are treated with neurotransmitters, drugs, and hormones
to determine their effects on pineal cell metabolism. (2) To study the
development of the pineal gland, pineal glands are removed at various ages
and the activity of metabolites and enzymes are measured. The animals are
also treated with drugs known to block specific neural processes. (3) Beta-
adrenergic receptors are characterized using a radioligand binding assay.

Major Findings : (1) In a study involving Dr. A. Yuwiler (Guest Worker) and
Dr. D. Klein it has been discovered that the postsynaptic mechanisms
necessary for the adrenergic stimulation of pineal N-acetyltransferase are
fully developed at birth, and that there is a rapid maturation of this
regulatory mechanism during the 4-day period preceeding birth.

(2) A major step in the development of techniques to study pineal cells
was made. Dr. Buda, working with Dr. Klein, developed a suspended cell
technique which yields highly viable cells that are highly sensitive to ^
adrenergic stimulation both immediately after isolation and several days ^
later. A 30-100 fold increase in N-acetyltransferase activity can be
elicited. The activity of pineal N-acetyltransferase in these cells was
found to be regulated by the same mechanism which is active in the adult.

(3) In a collaborative study involving Dr. D. Auerbach, Dr. Buda,
Dr. Klein, and Dr. Aurbach (NIAAMD) the adrenergic receptors on pinealocyles
were analyzed. Pinealocyles were found to bind well established beta-
adrenergic agonists and antagonists, but not a large number of nonadrenergic
biogenic amines.

(4) Studies by Dr. Parfitt and Dr. Klein demonstrated that a compound
which blocks the uptake of catecholamines into nerve endings, the anti-
depressant desmethylimipramine, stimulates the production of melatonin. This
is of interest in that it suggests that patients receiving this compound may
have elevated levels of melatonin. Further studies by Dr. Tamarkin have shown
that during stress desmethylimipramine-treated animals produce more melatonin
than do untreated animals. ^

(5) Dr. Wheler and Dr. Klein have discovered that taurine is located in

pinealocyles, and that it can stimulate melatonin production by interaction
with the beta-receptor. This interaction has been confirmed by Dr. Auerbach
by direct beta-adrenergic receptor analysis.
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Proposed Course of Project : (1) Transsynaptic regulation: The beta-adrener-
gic receptor on the pinealocyte will be characterized by Dr. Auerbach in
collaboration with Dr. Aurbach. The number and affinity of these receptors
and the factors influencing these will be determined. The developmental
appearance of postsynaptic receptors will be studied as an extension of
previous studies indicating that the adrenergic-cyclic AMP regulation of
N-acetyltransferase develops about 2 days prior to birth. An extension of
these studies will be the determination of the effects of nutritional,
environmental, and pharmacological alterations in maternal physiology on
the developmental appearance of adrenergic receptors in the neonatal animal.
In addition the short term effects of adrenergic stimulation on pineal recep-
tors will be determined. (2) The role of taurine in modulation of adrenergic
responsiveness will be studied.

Publications

:

1. Yuwiler, A., Buda, M. , Klein, D. C, and Weller, J. L. (1977): Pineal
N-acetyltransferase activity: Development aspects. Am. J. Of Physiol.
233: E141-E146.

2. Parfitt, A. and Klein, D. C. (1977): Increase caused by desmethylimi-
pramine in the production of [^H]melatonin by isolated pineal glands.
Biochemical Pharmacology 26^: 904-905.

3. Buda, M. , and Klein, D. C. (1977): Function and regulation of pineal
N-acetyltransferase in Biochemistry and Function of Amine Enzymes
(eds. E. Usdin and N. Weiner) , M. Dekker, New York, pp. 545-555. .

4. Buda, M. and Klein, D. C. (1978): A suspension culture of pinealocytes

:

Regulation of N-acetyltransferase activity. Endocrinology (in press).

5. Wheler, G. H. T., Weller, J. L. and Klein, D. C. (1978): Taurine:
Stimulation of pineal N-acetyltransferase and melatonin production via
a beta-adrenergic mechanism. Brain Research (in press)

.
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Investigations have centered on understanding on a molecular level the
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AMP production, the function of cyclic AMP, the control of synthesis of pineal"
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this enzyme , the role of mRNA synthesis in the regulation of the activity of N-
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Project Description:

Objectives : (1) To describe the intracelular mechanisms through which

neuronal activity regulates biochemical activity in the pineal gland.

Methods Employed: (1) The experimental systems used to study the intra-

cellular mechanisms through which neuronal activity regulates biochemical

activity are cultures of pineal glands and broken cell preparations. The

intact preparations are treated with neurotransmitters, drugs, and hormones

to determine their effects of pineal cell metabolism. Other measures of

cell function are studied, including the generation of cyclic nucleotides,

the production of new protein, the production of new RNA, the activity of

specific enzymes, and the production of metabolic products, including

several tryptophan derivatives. (2) Broken cell preparations are used to

study the regulation of pineal N-acetyltransferase activity. In addition

this enzy-me is purified using conventional techniques.

Major Findings : (1) Pinealocytes have been studied in collaboration with

Drs. Kapoor, Krishna (NHLBI) and Klein. In addition to demonstrating that

both cyclic AMP and cyclic GMP are stimulated in these cells by adrenergic

agonists, these investigators have made the important discovery that the

rapid decrease (t/2=5-10 min) in pineal N-acetyltranferase activity caused

by L-propranolol is preceded in time by an extremely rapid (t/2=5 min)

decrease in pineal cyclic AMP, This is the first experimental indication

that cyclic AMP may be involved in maintaining levels of N-acetyltransferase
4-6 hours after adrenergic treatment is initiated, and that it is also

involved in regulation the rapid decrease in the activity of this enzyme.

More support for this is provided by the finding that the rapid effects

of propronalol are blocked by dibutyryl cyclic AMP and by a blocker

of cyclic AMP destruction. A most impressive feature of these studies is

that after 4-6 hours of adrenergic treatment cyclic AMP levels had returned

to what formally had been assumed to be unmeasurable baseline values. Only

with the development of extremely sensitive methods for the measurement of

cyclic AMP by Dr. Krishna was it possible to study changes in cyclic AMP in

the low levels occuring 6 hours after adrenergic treatment had started.

Thus, L-propranolol treatment at this time was found to decrease the amount

of cyclic AMP in cells by 80%. These studies have been extended by using a

variety of adrenergic agonists and by careful time and dose experiments.

Results of these studies confirm our findings described above.

(2) A collaborative study by Dr. Klein, J. Weller, Dr. Grouse, and Dr.

Letendre has provided new and exciting results which indicate adrenergic- or

cyclic AMP- stimulation of the pineal gland causes clear qualitative and

quantitative changes in the production of mPNA. Other studies with pineal-

ocytes have strongly suggested that synthesis of new mRNA is necessary for

induction of N-acetyltransferase activity.
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(3) Dr. A. Namboodiri, working with Dr. Klein, has discovered several
treatments which stabilize pineal N-acetyltransferase of rat and sheep and
has been able to partially purify the enzyme from sheep tissue. The sheep
tissue is obtained at night when N-acetyltransferase activity is elevated. A
key observation made was that high concentrations of ATP stabilize N-acetyl-
transferase. High concentrations of ATP were then used sucessfully to eluA
N-acetyltransferase from affinity columns formed by binding coenzyme A to

aggarose. Apparently the adenosine group of the coenzyme interacts with the
enzyme. Other methods for N-acetyltransferase purification have been developed
including size-exclusion and hydophobic interactions.

(4) Dr. Klein and J. Weller, working with radiolabelled 2-fluoro-L-
histidine made by Dr. Kirk (NIAMMD) , have found that radiolabelled 2-fluoro-
L-histidine is incorporated into pineal cell protein by a mechanism dependent
upon protein synthesis. J. Weller developed suitable microtechniques to

produce an enzymatic digest of the protein, which was then subjected to amino
analysis by Dr. Hartley (NIAMMD) . This clearly indicated that 2-f luoro-
histidine was in fact incorporated into protein.

(5) Working with Dr. Klein, Dr. Wheler has discovered that norepinephrine
causes a rapid release of taurine, and that this is a cyclic A^^P-mediated

effect. The release may be associated with changes in flux and membrane
satential. ^.

(6) Dr. Dr. Namboodiri has found that pineal acetyl CoA hydrolase, which
converts acetyl CoA to CoA, may be involved in the regulation of pineal
N-acetyltransferase activity.

Publications:

1. Buda, M. and Klein, D. C. (1977): N-Acetylation of biogenic amines
in Biochemistry and Function of Amine Enzymes. (eds. , E. Usdin and

N. Weiner and M. Youdim) . Dekker, New York. pp. 527-544.

2. Klein, D. C, Weller, J. L., Kirk, K. L. and Hartley, R. W, (1977):

Incorporation of 2-fluoro-L-histidine into cellular protein.

Molecular Pharmacology 13^: 1105-1110.

3. Klein, D. C, Buda, M. J., Kapoor, C. L. and Krishna, G.(1978):

Pineal seratonin N-acetyltransferase activity: Abrupt decrease in

adenosine 3 ',5' - monophosphate may be signal for "Turnoff". Science 0^
199: 309-311.

4. Namboordiri, M. A. and Klein, D. C. (1978): A comparative study of

pineal N-acetyltransferase and acetyl CoA hydrolase activities.

J. Neurochem. (in press)

.

5. Namboordiri, M. A. and Klein, D. C. (1978): A sensitive and rapid assa^
for acetyl CoA hydrolase. Anal. Biochem. (in press) . ^^'
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Project Description:

Objectives : To study the factors regulating the amount of circulating
melatonin, a putative pineal hormone during life.

Methods Employed : (1) Melatonin metabolism, fate, and distribution is ^
studied using [^H]melatonin. Thin layer chromatography is used to isolate
[ H]melatonin and its metabolites. (2) Melatonin is measured by radio
immunoassay.

Major Findings : (1) Dr. S. Reppert and Dr. Klein have made the important
finding that melatonin can be transported from lactating mother rats to their
sucklings via milk. This is especially important because the neonatal rat
does not have the ability to make melatonin until the end of the first week
of life. This mode of melatonin delivery may be physiologically important to

the development of the reproductive system. (2) Using the pregnant rhesus
monkey and the pregnant ewe Dr. Reppert discovered that melatonin is rapidly
transferred accross the placenta, making it highly probable that the rhythm
in melatonin is transmitted to the fetus this way at all times during fetal
development. (3) There is a daily rhythm in CSF and plasma melatonin in the
rhesus monkey. Light can turn off melatonin synthesis rapidly, in contrast
to the human. The rhythm in melatonin persists in the dark indicating the
melatonin rhythm is endogenourly generated. ^
Significance to Biomedical Research and the Program of the Institute : A
growing body of knowledge points to the pineal gland as the source a compound
that inhibits reproduction, and that this compound is melatonin. An increase
in our understanding of how melatonin production is regulated, when produc-
tion is first regulated, when production is initiated, the relative import-
ance of melatonin from mother's milk, the fate of melatonin, and the biologi-
cal effects of melatonin analogs and metabolites is in accord with the

Institute's mission to study reproduction.

The finding that milk can serve as a vehicle to transport melatonin is

of prime significance to the program of the Institute because it provides a

clear link between mother and child through which the mother might biochem-
ically "tell" the suckling what time of day it is and might also serve as a

vehicle to transmit to the suckling that the mother is stressed or that the

mother is receiving a drug which turns on melatonin production.

Proposed Course of Project ; (1) One goal continues to be to accurately ^
determine the amount of melatonin that is transferred to the suckling by milK.,

and the precise amounts of melatonin in the circulation of the suckling. (2)

Another goal will be to determine the effects of environmental lighting and
stress on circulating melatonin in experimental animals and humans. An
extension of this will be to determine the influence of an antidepressant
drug, desmethylimipramine, which is known to enhance melatonin production
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from our recent in vitro studies. (3) Efforts will be made to chemically
characterize the new melatonin metabolite, and to determine if this compound
is biologically effective. (4) The fate of fluoro-melatonin derivatives
will be studied in detail.

Publications

:

1. Reppert, S. M. and Klein, D. C. (1978): Transport of Maternal [^H]

melatonin to suckling rats and the fate of [ ^Hjmelatonin in the neonatal
rat. Endocrinology 102 : 582-588.
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SUMMARY OF /iORK (200 -ords or less - underline keywords)

This project is the investigation of the cellular and molecular interactions

during synaptogenesis . It was discovered that neuronal pre-synaptic cells

which form functional cholinergic synapses with cultured muscle cells also

produce a factor which causes the aggregation of acetylcholine receptors .

on muscle cells. The mechanism of this effect involves the lateral motion |

of acetylcholine receptors in the myotube membrane. The material responsible

for the effect is a large soluble heat-labile macromolecule released into

the culture medium by the presynaptic cells. There is pre-synapt ic cellular

specificity in the production of this molecule because many non-neuronal

cells do not produce detectable amounts of the aggregation factor.

The factor is species-non-specific ,
causing the aggregation of acetylcholine ^

receptors on muscle cells of mouse, rat and chicken. W^
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Project Description:

Objectives : We are developing a general theory of synaptogenesis. Central
to the problem is an analysis of how pre- and post-synaptic cells recognize
one another, and at the molecular level, how pre-synaptic neurotransmitter
release sites become juxtaposed to areas on the post-synaptic cell which are
rich in receptors for the appropriate neurotransmitter.

Of equal concern is the problem of cellular specificity in synaptogenesis
and other cellular interactions during morphogenesis. The aggregation of

acetylcholine receptors on myotubes and the modulation of the disposition
of other receptors will be used as assays to test the cellular and molecular
specificity of factors involved in intercellular recognition and
synaptogenesis.

Methods Employed : In our studies, both pre- and post-synaptic cells have
been grown in vitro by tissue culture techniques. Both continuous cell

lines and primary neuronal and muscle cells have been used.

Synaptogenesis and the distribution of acetylcholine sensitivity on cultured
myotubes have been assayed electrophysiologically by intracellular recording

methods.

The aggregation of acetylcholine receptors on myotubes has been determined
by the use of peroxidase or fluorescent probes conjugated to i-bungarotoxin,
a specific ligand for the acetylcholine receptor. The ul trastructure of

acetylcholine receptor aggregates labelled by the peroxidase method has

been investigated with an electron microscope.

Standard biochemical methods are being employed to purify, isolate and

characterize the factor which causes acetylcholine receptor aggregation.

Major Findings : Previous work in this laboratory established that cells

of the continuous neuronal cell line NG108-15 form functional cholinergic

synapses with cultured mouse myotubes. The distribution of acetylcholine
receptors on myotube membranes were visualized by staining myotube cultures

with a-bungarotoxin. The number of acetylcholine receptor aggregates

(small areas of the myotube membrane with a high density of acetylcholine
receptors) was increased 4 fold when the myotubes were cocultured with

NG108-15 cells. Medium conditioned by NG108-15 cells produced a similar
increase when added to myotube cultures.

The increase in acetylcholine receptor aggregates was caused by a heat-labile

factor from NG108-15 cells which was retained by a dialysis membrane. Preliminary

experiments suggest that the factor is a large negatively charged protein.

The factor produced an increase in myotube receptor aggregates within 24

hours and during the inhibition of protein synthesis. There was no concomitant
increase in the total number of acetylcholine receptors. Receptors
prelabelled with a-bungarotoxin before the addition of the factor were
incorporated into the aggregates. Hence existing acetylcholine receptors
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are moved laterally in the myotube membrane under the influence of the factor,
in a process which resembles the capping of surface receptors in lymphocytes
by lectins or antibodies.

The pre-synaptic specificity in the production of the factor indicated
that it may be produced only by cells having neuronal properties. The

NG108-15 cell line is a hybrid of a neuronal cell line and a glioma cell W
line. The neuroblastoma but not the glioma cell line displayed detectable
amounts of acetylcholine receptor aggregation factor. A number of

fibroblast cell lines did not produce aggregation activity.

There was no post-synaptic species specificity for the aggregation effect.
Myotubes cultured from muscle of rat, chick, or mouse all displayed
acetylcholine receptor aggregation when treated with the factor. Myotubes
prepared from muscle of the dystrophic mouse strain dy/dy also responded
normally to the aggregation factor.

Significance to Biomedical Research and the Program of the Institute : We are

now isolating and characterizing the effect of a factor which causes the

aggregation of acetylcholine receptors. The factor may play a role in

synaptogenesis, and is an excellent molecular candidate in an explanation
of how post-synaptic receptors during development are concentrated and

juxtaposed to the release sites of pre-synaptic neurons. This process may

be one of the intercellular recognition events in synaptogenesis and may ^
therefore also play a role in synaptic specificity.

The development of assays for the aggregation factor will create the

opportunity to test for absent or defective aggregation factors in the

aetiology of neuromuscular diseases.

Proposed Course : Under study are the cellular and molecular mechanisms
involved in acetylcholine receptor aggregation. Biochemical purification

and isolation of the aggregation factor will also receive a high priority.

The isolation of the factor will permit the establishment of a radioimmunoassay
for the factor and its immunohistochemical localization at the developing

synapse.

Also underway are studies on the cellular specificity in the production
and action of the aggregation factor. Factors which effect receptors

other than the acetylcholine receptors will be sought.

1. Christian, C. N., Nelson, P. G., Bullock, P., flullinax, D. and T
Nirenberg, M.: Pharmacologic responses of cells of a neuroblastoma X

glioma hybrid clone and modulation of synapses between hybrid cells

and mouse myotubes. Brain Res . , 147 :261-276, 1978.

Nelson, P. G., Christian, C. N., Daniels, M P., Henkart, M. , Bullock, P.

Mullinax, D. and Nirenberg, M. : Formation of synapses between cells

of a neuroblastoma X glioma hybrid clone and mouse myotubes. Brain

Res., 147:245-259, 1978.
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SUMMARY OF WORK (200 words or less - underline keywords)

We have continued to work on some of the projects outlined in previous annual

reports, (a) Further investigations were made into the characteristics and

specificities of the factor(s) from conditioned medium of muscle cell

cultures which causes increases in the activity of the enzyme choline

acetyl transferase in spinal cord cell cultures , (b) The effect on the

activity of that enzyme of growing spinal cord cells on feeder layers of

primary liver or kidney cells is being determined, (c) We have continued to

evaluate the effects of serum in the growth medium of cephalic neural

crest cells in culture. The data suggest that both potentially cholinergic

and pigmented cells are in the outgrowth, but the type of serum allows

these potentials to be realized, (d) Preliminary investigations have been

made on the effect on choline acetyl transferase activity in spinal cord cell

cultures of chronic treatment with anticonvulsants or with agents which

inhibit neuronal electrical activity, (e) We, along with several other

laboratories, have been concerned about a contaminant in some commercial

preparations of radioactive glutamate which is rapidly converted to GABA in

PHS-6040
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assays for glutamic acid decarboxylase activity. Following what looked like

a promising lead in the chemical literature, we found that the biological
compound i-ketoglutaramate was not a precursor for GABA using a brain
homogenate and the conditions of our usual assay for this activity.

Project Description; A
Objectives: We are trying to define some aspects of the regulation,
particularly as regards development and recovery from injury, of neurotrans-
mitter-related enzymes in the nervous system.

Methods Employed : All of the methods employed for these studies have been

reported in previous annual reports.

Major Findings : (a) Previous work in our laboratory had shown that mouse
muscle cell cultures conditioned their growth medium with a factor(s) (CAT

stimulating component, CSC), which, when added to the culture medium of mouse

spinal cord (SC) cells, stimulated markedly the activity of the enzyme

choline acetyl transferase (CAT). We have continued to investigate the

specificity of the source of the CSC in conditioned medium (CM). We found

that CM's obtained from rat skeletal muscle and mouse heart muscle cultures

were at least as active in stimulating CAT activity as was that from mouse
skeletal muscle cultures. Chick muscle cultures, whether they contained ^
fibroblasts or not, appeared to be making little or no CSC which could be ^
recognized by mouse SC cultures. CM from mouse kidney cells contained a

similarly active factor, but skin cells produced little, if any. Primary

mouse liver cells contained CSC-like material, but secondary cells, which were

morphologically \/ery different from the primary cells, did not. It is possible

that some of the liver-induced increase may be due to increased plating

efficiency, but the increment in number of neurons is less than the increment

in CAT activity. CSC was excreted by muscle cells even when their electrical

activity was chronically poisoned by tetrodotoxin, when their ACh receptors
were desensitized by chronic treatment with carbamoylchol ine, and when their

contraction frequency was stimulated by chronic administration of dibutyryl-

cyclic AMP.

(b) When SC cells were inoculated onto feeder layers of primary mouse
liver cells (1 or 2 weeks in culture), there was also a marked stimulation
of CAT activity (as much as lO-fold). We have not yet been able to

determine whether the development of catecholamines is also stimulated, as

has been claimed in a similar system with chick tissues. ^

(c) Previous data had shown that the type of serum employed in the

growth medium of cephalic neural crest cells determined the direction

of differentiation of a number of those cells. We have further found that

the type of serum used during the first two days of culture (during which

neural crest cells migrate out from the explanted neural tube) does not

determine which cell type is present in the outgrowth. Rather, the serum

present on days 3-6 of culture (after removal of the neural tubes) either X-

selects cholinergic or pigmented cells, or determines the direction of

differentiation of pluripotent neural crest cells.
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(d) We have used. CAT activity and neuron number of SC cell cultures as a

measure of the effects of drugs on neurons. Cultures treated with tetrodo-
toxin from the day of plating contained less than 1/3 the CAT activity of

controls after 4 weeks of culture. The decrement in cultures treated
from day 8 to day 28 was "jery similar in magnitude. Since DNA and protein
contents of the cultures were not decreased by either treatment, the

effect was a specific one on a small group of cells which included cholinergic
neurons. Chronic treatment with phenobarbi tal also lowered CAT activity
after 4 weeks of culture. These studies are being repeated and expanded.

,, (e) There is a contaminant in some preparations of uniformly-labeled
C-glutamic acid which can be converted to GABA by enzyme preparations

containing glutamic acid decarboxylase activity. The material is a

more active substrate for the formation of GABA than is glutamic acid, and

we have speculated that it may be the real biological substrate for that

enzyme in the nervous system. We had ruled out the most likely glutamate
analogs as candidates for this contaminant. A paper which showed that

a-ketoglutaramic acid, a compound present in brain, could be converted
chemically to GABA suggested that this might be the contaminant. We

obtained some of this material and found it to have different electro-

phoretic mobility than the contaminant and to be intractable to conversion

to GABA.

Significance to Biomedical Research and the Program of the Institute . We are

interested in the mechanisms by which nervous system development is

controlled in order to better understand developmental processes and to be

able to prevent, or promote repair of, injuries. The important, and

in many ways most accessible, nervous system markers include the enzymes

associated with synthesis of neurotransmitters. Increments in our

knowledge of the regulation and response to injury of these enzymes will

give insights into the same processes in other portions of the nervous

system.

Proposed Course : We plan to continue the studies of liver cell feeder

layer and conditioned medium effects on SC cell CAT activity and

catecholamine accumulation. However, we have not the personnel at

present to continue the studies of the trophic effects of muscle cell

CM on SC cells. The next steps with the neural crest cells will be to

identify and count neuronal cells and determine whether liver cell feeder

layers or CM will direct the cells toward catecholamine synthesis. The

studies of the effects of therapeutic drugs, particularly anticonvulsants,

on SC cells in culture is just beginning. If the drugs are really toxic

to neurons, this could have important implications for the treatment of

febrile convulsions in young children. We are still interested in the

nature of the GABA precursor which contaminates glutamate preparations,

but have no plans for a major effort at its identification at present.
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Publications:

1. Mata, M. M., Godfrey, E. W., Mauer, R. and Schrier, B. K. Micro-

assays for glutamic acid decarboxylase and observations on glutamic

acid as substrate for the enzyme. Journal of Pharmacological Methods .

In press.

2. Mata, M. M., Schrier, B. K. and Moore, R. Y. Interpeduncular nucleus:

differential effects of habenula lesions on choline acetyl transferase

and glutamic acid decarboxylase. Exper. Neurol . 57 , 913-921 (1977).

3. Greenberg, J. H. and Schrier, B. K. Development of choline

acetyl transferase activity in chick cranial-neural crest cells in

culture. Developmental Biology 61 , 86-93 (1977).

4. Schrier, B. K. Transmitters, putative transmitters and transmitter-

related enzymes studied in cultured cell systems, in Cell Tissue and

Organ Cultures in Neurobiology (S. Federoff and L. Hertz, eds.).

Academic Press, New York. 1978. pp 423-439.

5. Godfrey, E. W. A component of conditioned medium causes increased

activity of choline acetyl transferase in neurons in culture:

specificity and properties of the response. Thesis presented to the

Dept. of Biology of Johns Hopkins Univ. in partial fulfillment of the

requirements for the Ph.D. degree. 1978.

#

42 2



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00048-01 LDN

PERIOD COVERED

October 1, 1977 to September 30, 1978

TITLE OF PROJECT (80 characters or less)

Studies of transcriptional level control of neurobiologic and behavioral

phenomena.

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI:

OTHER:

L. D. Grouse
B. K. Schrier

C. H. Letendre
P. G. Nelson

C. Kramer

D. Warren

Medical Officer
Medical Officer
Staff Fellow
Chief, LDN, NICHD
Junior Fellow
Biol. Lab. Tech.

LDN NICHD
LDN NICHD
LDN NICHD
LDN NICHD
LDN NICHD
LDN NICHD

COOPERATING UNITS (if any)

None

lab/branch

laborato ry of Developmental Neurobiology
SECTION

Section on Neurobiology
INSTITUTE AND LOCATION

N ICHD . N I H . Bethesda. Mary l a nd
TOTAL MANYEARS

2^3-

PROFESSIONAL:

2^
OTHER:

SL3.
CHECK APPROPRIATE BOX(ES)

G (a) HUMAN SUBJECTS

(al) MINORS n (a2) INTERVIEWS

n (b) HUMAN TISSUES Q<(c) NEITHER

SUMMARY OF WORK (200 words or less - underline keywords)

Molecular hybridization of cellular RNA populations with unique DNA sequences

and with DNA complementary to the RNA is being employed as a measure of

gene expression in several model systems from the nervous system . The studies

are directed toward an understanding of the control processes which regulate
normal differentiation and development in the nervous system, (a) Further
investigation of the effects of bromodeoxyuridine treatment on the nuclear

RNA diversity of the neuroblastoma clone S20-DB6 showed that treated cells

retained 2/3 of the sequences present in untreated cells and the remaining

sequences were expressed as a consequence of the treatment, (b) The sequence

diversity of poly(A)-containing messenger RNA in the rat glial cell line

C5B was found to be similar to that in neuroblastoma cell lines, (c) A

comparison of the poly(A)-mRNAs of differentiated and undifferentiated

neuroblastoma cells showed that 15% of the sequences were unique to the

differentiated state.
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Objectives : We are investigating the extent and control of RNA sequence
diversity in some manipulable systems, with particular emphasis on
development and differentiation in the nervous system. The goal is to
find the specific genes whose function is essential to brain differentiation ^
and to elucidate one or more regulatory processes at the level of transcripti^,'
which are crucial to brain development and/or function.

Methods Employed : The methods of RNA preparation, including poly(A)-mRNA,
and for hybridization of RNA in vast molar excess to DNA preparations,
have been described in previous reports. We have developed techniques for
preparing high molecular weight DNA complements (cDNA) to mRNA populations.
S20Y cells were obtained growing in suspension culture by inoculating
specially-formulated culture medium with surface-grown S20Y cells and
waiting for two months. The method of Park, et al (1977) for obtaining
native chromatin and chromatin proteins was adapted to give optimal yields
from C6B and neuroblastoma cells.

Major Findings : (a) Our previous studies had shown that bromodeoxyuridine
(BrdU) treatment of the S20-DB6 subclone of the C1300 mouse neuroblastoma
resulted in morphological and biochemical changes in the cells, although
the overall sequence diversity of nuclear RNA in the cells was unchanged.
Some authors have considered such changes to represent differentiation. When ^
the unique DNA sequences which had been expressed in nuclear RNA from BrdU-
treated cells were purified and re-reacted with nuclear RNA's from treated
or control cells, we found that approximately 1/3 of the sequences expressed
in treated cells were absent from, or at much lower concentration in,
control cells. Since the RNA complexities of control and BrdU-treated cells
were equivalent, the changes produced by BrdU must have involved the
activation of transcription of about 10 sequences in the genome, and
repression of a similar number of sequences. In this study, we also found
that the treated and control cells contained poly(A)-mRNA complexity
equivalent to about 2.1" of the single copy DNA, enough to code for
2.8 X 10 mRNAs of average size. These mRNAs occurred in two major
abundance classes with concentration differences of 100-200 fold.

(b) We asked whether minimal deviation glial tumor cells would have a

complexity of poly(A)-mRNA sequences similar to neuroblastoma cells, using
the diploid glioma line C6Bul. In this case, poly(A)-mRNAs were transcribed
into DNA complements (cDNA) with AMV reverse transcriptase, and the DNAs ^
were used as a probe in reactions with their mRNA templates. We found that %:•

the C6B mRNAs occurred in three abundance classes with a total complexity
which was similar to that in the neuroblastoma cell's mRNAs. Their combined
RNA complexities are greater by at least 50°c than that of poly(A) -mRNAs
from whole brain. This leads us to the conclusion that less than 50"

of the sequences expressed in either cell type is unique to it alone. A
corollary, which we have previously found is that nervous system cells have
in common the majority of sequences in their poly(A)-mRNAs ; their characteristjp
functions are expressed by transcription of a relatively few genes.

^'
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(c) The cholinergic mouse neuroblastoma clone S20-Y has been adapted

to grow in suspens;j_5n culture. After several months of weekly subculture

in the Ca and Mg -free medium, the cells began to grow as single

spherical cells and aggregates of 2 to 10 spherical cells. These cells

adhere quickly to polystyrene culture vessels and extend micro-processes
within minutes; they have some evidences of electrically active membranes,

but action potentials could not be elicited from them. J^hen the|^ cells

are allowed to settle on a surface, grown in normal (Ca and Mg containing)

medium, and treated with ImM dibutyryl cyclic AMP (Bu^cAMP) a relatively high

proportion extends long processes and assumes the morphological characteristics
of differentiated neuroblastoma cells. The activity of choline acetyl-

transferase is markedly increased by this treatment. The suspension-grown

cells, when inoculated onto skeletal muscle cell cultures and

maximally differentiated, retain the capacity of the parent surface-grown

cell line to form functional neuromuscular junctions, albeit at low

efficiency. We compared the sequence diversities of poly(A)-mRNAs from

suspension (SP) cells and "differentiated" (PR) cells (grown on plastic,

given regular growth medium and treated with Bu^cAMP), by hybridization

with cDNAs made from both mRNA preps. Both homologous reactions (SP

mRNA X SP cDNA and PR mRNA X PR cDNA) gave kinetics which were consistent with

the existence of two abundance classes of mRNA. In the heterologous

reactions it was found that PR mRNA contained virtually all of the sequences

in SP mRNA. SP mRNA, however, reacted much less completely with PR cDNA

than did PR mRNA. The data showed that 15% of PR mRNA sequences were

not present in SP mRNA. We concluded that the differentiation step(s)

we are studying is associated with a very marked change in the transcription

of new RNA species.

Significance to Biomedical Research and the Program of the Institute : We are

working toward a specific understanding of transcriptional controls during

differentiation and development in the brain and in the two major cell

classes of the nervous system represented by the C6 and 520 cell lines.

We hope to map out critical developmental requirements and essential gene

products for differentiation in the mammalian nervous system. We believe

that this knowledge will be important in the understanding of normal and

abnormal C.N.S. development.

Proposed Course : A major effort will be made to understand

the regulation of differentiation-specified transcription. As presently

designed, these studies will involve the following approaches: (a) A cDNA

probe to differentiation-specified RNA sequences will be obtained by means

of recycling hybridization reactions in the S20Y model system. This material

will be used to ask biological questions (which CNS cells have the messages,

when do they obtain them), and chemical questions (are there families among

these sequences, can some of them be purified, do the genes contain intervening

sequences, can some of the proteins for which they code be identified),

(b) We will investigate the effects of this differentiation on regulatory

molecules, presumably the non-histone proteins of chromatins, from cells in

the two stages of differentiation, (c) We will attempt further to simplify

the model by determining the effects of individual elements in our

stimulation to differentiation. .^^^
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Publ ications:

1. L.D. Grouse, B.K. Schrier, E.L. Bennett, M. R. Rosensweig, and P.G.

Nelson, Sequence diversity studies of rat brain RNA: effects of

environmental complexity on rat brain RNA diversity. J. Neurochem .

30, 191-203 (1978). (

2. L. D. Grouse and B. K. Schrier, The use of glucosamine and actinomycin

D in radioactive labeling of RNA in cells in culture. Prep. Biochem .

7, 427-39 (1977).

3. L. D. Grouse, P. G. Nelson, G. S. Omenn and B. K. Schrier. Measurements

of gene expression in tissues of normal and dystrophic mice. Exper.

Neurol. 59, 470-478 (1978).

4. B. K. Schrier, M. Y. Zubairi, C. H. Letendre and L. D. Grouse.

Bromodeoxyuridine effects on the RNA sequence complexity and phenotype

in a neuroblastoma clone. Differentiation, in press.
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Laboratory of Biomedical Sciences
National Institute of Child Health and Human Development

The Laboratory of Biomedical Sciences investigates selected biochemical

aspects of normal and pathological development.

The Section on Developmental Enzymology during the past year has continued

research on: (1) the significance of phosphorylation-dephosphorylation
reactions in the regulation of glycogen metabolism in mammalian muscle

and trophoblast and (2) a comparison of the regulation of human chorionic

gonadotrophin (hCG) and placental alkaline phosphatase in choriocarcinoma

and SV40-transformed human placental cells (eutopic synthesis) with the

regulation in nontrophoblastic tumors (ectopic synthesis).

The investigation of the regulation of glycogen metabolism revealed that

choriocarcinoma cells grown in culture accumulate large quantities of

glycogen, yet the glycogen synthase in these cells occurs predominantly

in the inactive D form. This D-form glycogen synthase cannot be converted

to the active I form by endogenous phosphoprotein phosphatase, rabbit

liver phosphoprotein phosphatase, or human placental alkaline phosphatase.

However, the D-form enzyme isolated from cells which have undergone glucose

starvation can be converted to the I form by these phosphatases. Analysis

of the kinetic properties of glycogen synthase isolated from cells during

starvation shows that the enzyme has undergone modification which results

in the reduction of K for glucose-6-P and K^ for UDP-glucose. These_

starvation-induced modifications are, however, prevented by the addition

of cycloheximide to the growth medium and are reversed by refeeding the

cells with medium containing a high concentration of glucose. We conclude

that the starvation-induced modification of glycogen synthase is essential
_

for transforming the enzyme into a convertible form. In our study of cyclic

AMP-independent glycogen synthase kinase from rabbit muscle, we have purified

the enzyme over 10,000-fold and found that the enzyme has a molecular weight

of 33,000 and that it is not sensitive to regulation by the effectors of

glycogen synthase. We found that a similar enzyme from human placenta can

be inhibited by an inhibitor from the same tissue.

We have established human first-trimester (subterm) and term placental cell

lines transformed by the class A temperature-sensitive mutant ( tsA ) of simian

virus 40 (SV40). These cells synthesize hCG, hCG-a, and alka-line phosphatase,

These tsA mutant-transformed cell lines behave as transformed (dedifferen-

tiatedlTells at the permissive temperature (33°) but as normal placental

cells at the restrictive-temperature (40°). Regulation of the synthesis of

hCG and hCG-a in these transformed human placental cells differs from the

regulation in choriocarcinoma cells.

In the induction studies, we found that choriocarcinoma cells and non-

trophoblastic tumor cell lines respond differently to 5-bromo-2'-deoxyuridine

(BrdUrd), as well as to sodium butyrate. This further confirms the

finding that control of the synthesis of hCG differs in trophoblastic

and nontrophoblastic tumor cells.
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In related work we found that alkaline phosphatase in first-trimester ^
placentas differs from the enzyme in term placentas in immunochemical

and physicochemical properties.

The Section on Physiological Controls examines the roles of hormones and

nutrients in mammalian metabolic regulation in liver and muscle. Our goal is

a better understanding of factors contributing to age-related changes in

glucose homeostasis and other metabolic regulatory mechanisms during develop
ment. We investigate rate-limiting enzymes, age-related changes in hormone
receptors, and mechanisms which regulate protein and nucleotide phosphoryl-

ation and dephosphorylation. These phosphorylation reactions have been

linked with acute metabolic regulation at many loci, with cell growth, with

the development of rate-limiting enzymes, and with general effects on gene

expression.

Investigations on the use of galactose in intravenous alimentation
solutions given to glucose-intolerant premature human infants indicate that

galactose is rapidly metabolized without demonstrable toxicity and that its

use can provide increased caloric intake with normalization of circulating

glucose levels.

Studies with isolated liver from newborn Rhesus monkeys from normal mothers

have demonstrated that galactose establishes or very markedly facilitates

regulation of glycogen turnover and liver glucose output in response to

changes in circulating plasma glucose levels. In contrast, this effect of

galactose is not present in monkey infants from streptozotocin-treated ^j
(diabetic) mothers.

Naturally occurring polyamines have been shown to form strong complexes

with nucleotides. This c$[pplex formation is qualitatively different from

that which occurs with Mg . We found that DNA and polynucleotides

markedly alter histone-kinase and -phosphatase reactions and that these

alterations are negated by polyamines.

The technology for culturing fetal liver has been markedly improved.

Large quantities of tissue for developmental studies can be maintained in

completely defined media.

The methodology for purifying liver glucocorticoid receptors has been used

also to purify substantially a liver protein that binds aryl hydrocarbons.

e
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Project Description:

Objectives : The main objectives of this project are: (1) to isolate and
characterize selected enzymes from normal placenta, choriocarcinoma cells,
and SV40-transformed placental cells and (2) to study the induction and regu-
lation of the activities of some of these enzymes through such covalent ^
modifications as phosphorylation and through the effects of cofactors and ^
intermediary metabolites.

Methods Employed : The principal methods employed are: (1) protein isola-
tion techniques, including salt- and solvent-fractionation, gel-filtration,
ion-exchange chromatography, and affinity chromatography, (2) enzyme assays,
which are usually based on spectrophotometric or radiometric methods, (3)

radioimmunoassays of hormones; and (4) transformation of placental cells
with SV40.

Major Findings : (1) D-form glycogen synthase from choriocarcinoma cells
is not converted into the I form by endogenous phosphoprotein phosphatase,
rabbit liver phosphoprotein phosphatase, or human placental alkaline
phosphatase. However, the D-form enzyme isolated from cells subjected to

24-hr glucose starvation can be converted into the I form by these phospha-
tases. The cause for the lack of the D-to-I conversion in choriocarcinoma
cells is that the synthase is not a substrate for phosphoprotein phosphatase^
During starvation glycogen synthase is modified by a starvation-induced ^
protein which transforms the glycogen synthase into a substrate for phospho-
protein phosphatase. (2) We found that, in addition to the known "on-off
switch" for the regulation of glycogen-synthase activity through D-to-I
conversion, there is a "fine-tuning" mechanism in choriocarcinoma cells.

This mechanism does not appreciably alter the glucose-6-P dependency of the

enzyme but greatly affects the kinetic properties of the enzyme. This regu-

latory mechanism probably depends upon phosphorylation and dephosphorylation
of sites which do not determine glucose-6-P dependency of the enzyme. (3)

The cyclic AMP-independent glycogen synthase kinase from rabbit muscle has

been purified over 10,000-fold. The enzyme has a molecular weight of 33,000,

and its activity is not sensitive to regulation by glucose-6-P, an important

metabolite for glycogen metabolism. A similar enzyme from human placenta

was found to be inhibited by an inhibitor from the same tissue. (4) Human

first- trimester (subterm) and term placental cells were transformed with

simian virus 40 (SV40) of the wild type and with temperature-sensitive
SV40 mutants of the A class. Cell lines transformed by the tsA mutant

lost the transformed phenotype at the restrictive temperature (40°). When ^
SV40-transformed cells were grown at the permissive temperature (33°), alka*^

line phosphatase activity was decreased. Thymidine kinase activity was

increased as compared with the activities in term placenta. When tsA

transformants were grown at 40°, alkaline phosphatase activity was greatly

stimulated and thymidine kinase activity was greatly reduced, approximating

their levels in the placenta. hCG synthesis in tsA transformants was

greater at 40° than at 33°. (5) The SV40- transformed cells synthesized

native hCG as well as the free ol and 3 subunits of hCG. The SV40-transform^
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term placental cells synthesize less hCG than do the transformed subterm
placental cells. The amount of hCG synthesized by the SV40 transformants
from term and subterm placental cells were proportional to the amounts of
these proteins synthesized in vivo by placentas at their respective periods
of gestation. (6) Sodium butyrate stimulates the synthesis of hCG in SV40-
transformed placental cells but inhibits the synthesis in choriocarcinoma
cells. Thus the regulation of the synthesis differs in the two cell types.
(7) In a study of the regulation of gene expression in choriocarcinoma
cells and nontrophoblastic tumor cells, we found that these two types of
tumor cells respond differently to BrdUrd as well as to sodium butyrate.
Choriocarcinoma cells respond to BrdUrd with induction of alkaline phos-
phatase and suppression of synthesis of hCG and hCG-a. HeLa and ChaGo
cells--nontrophoblastic cell 1 ines--respond to BrdUrd with increased pro-
duction of hCG-a and little or no stimulation of hCG and alkaline phospha-
tase. Therefore, factors that control the production of hCG differ from
those that control the production of hCG-a, and the regulation of the
synthesis of all three proteins probably differs between placental and non-
placental tumors. (8) There are at least two forms of alkaline phosphatase
in placenta: the term enzyme and the first-trimester (subterm) enzyme.
The two phosphatases differ in physicochemical and immunologic properties.

Significance to Biomedical Research and the Program of the Institute :

Investigation of the regulation of glycogen synthase in trophoblast is
essential for an understanding of fetal carbohydrate metabolism, which is
greatly influenced by the placenta before the fetal liver has fully devel-
oped. Furthermore, by using glycogen synthase as a model system, we learn
more about phosphorylation and dephosphorylation reactions--key processes
in the regulation of cellular metabolism, differentiation, and growth.

The study of the control of gene expression of alkaline phosphatase and
hCG is of importance because these substances are derepressed in many
nontrophoblastic tumors. This frequent occurrence of derepression in
tumors in vivo , considered together with the ease with which derepression
can be achieved in vitro , suggests that the ectopic presence of placental
enzymes and hormones may serve as an early signal of malignant transforma-
tion in nontrophoblastic tissues. The establishment of human placental
cells which more closely approximate normal placental cells in vivo than
do choriocarcinoma cells should help us to elucidate the control mechanisms
for the synthesis of hCG and alkaline phosphatase in normal placenta.

Proposed Course of Project : Continued exploration of (1) the regulation
of glycogen metabolism in normal placenta, choriocarcinoma, and SV40-trans-
formed cells and (2) the eutopic and ectopic induction of alkaline phos-
phatase and hCG in these trophoblast systems and in nontrophoblastic
tumor cells.
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Project Description:

Objectives : This project seeks to determine mechanisms controlling the devel-

opment of glucose homeostasis and to develop model systems which provide a

rational basis for the correction of abnormalities in glucose homeostasis.

Methods Employed : Biochemical studies focus on a description of mechanism^
controlling the phosphorylation state and activity of regulatory proteins

in carbohydrate metabolism. Studies on specific enzymes in liver and

muscle are examined in organ culture, in isolated perfused tissues systems,

and 2_n vivo .

Major Findings : Having previously discovered and characterized heat-stable
protein inhibitors of phosphorylase phosphatase, we now have provided

evidence that these inhibitors may be important in controlling muscle phos-

phorylase activity. Acute regulation of muscle phosphorylase phosphatase

by epinephrine has been correlated with changes in the amount of phosphatase

inhibitor activity in an isolated perfused rat hind-limb system. A new

heat-stable inhibitor of phosphorylase phosphatase has been found in muscle;

it has characteristics of a polynucleotide (MW 7000) which requires the 5'

terminal phosphate for activity.

We have continued to study the role of galactose in neonatal glucose homeo-

stasis and have expanded our study to examine the role of fructose in the ^
same system. The requirement for glucocorticoids for development of the

conversion of these sugars to glucose has been established both in vivo and

in vitro . The steps in the metabolism of these interconversions which may

be affected by glucocorticoids is now being examined by measuring intracellu-

lar metabolite levels and the activity of the components of the glucose-6-

phosphatase system.

Maternally administered dexamethasone increased fetal liver glycogen in

pre-term rats, and this phenomenon correlated with increased total glycogen

synthase activity. Maternal dietary galactose also increased fetal liver

glycogen, but this action was related to glycogen synthase activation as

opposed to increased total enzyme. In contrast to the above effects,

maternal dietary glucose had no demonstrable effect on fetal liver glycogen

synthesis.

Liver from full-term neonatal Rhesus monkeys during the first few weeks

of life did not acutely synthesize glycogen or regulate the activity of A
glycogen synthase when challenged with hyperglycemia or hyperglycemia and

insulin. Galactose uptake increased 5-fold in these livers from birth

to 6 days of life without corresponding changes in the activities of galac-

tose-metabolizing enzymes. In the presence of galactose, which was rapidly

metabolized, these livers synthesized glycogen and regulated synthase

activity in response to hyperglycemia. The mechanism of this effect of

galactose was independent of changes in cyclic AMP metabolism. Galactose

did not reduce, but instead augmented, the release of glucose from livers |i
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perfused with hypoglycemic medium. In contrast with the above results,

newborn monkey liver from streptozotocin-induced glucose-intolerant mothers

did not regulate glycogen synthesis with the combination of galactose and

glucose, nor did they respond to hypoglycemia by mobilizing glycogen or

changing glycogen metabolizing enzyme activities.

In normal human infants, serum galactose levels averaged 1.5 mg/dl

immediately after feeding; the maximum level observed was 3.5 mg/dl.

Six glucose-intolerant small pre-term human newborns requiring intravenous

alimentation were studied. Using a double-blind and randomized cross-over

study, we determined whether galactose could supplement caloric intake.

Total carbohydrate tolerated doubled with the addition of galactose to

the infusion solutions, and maximally tolerated intake reverted to 1.2 x

control levels when galactose was removed. No toxicity of galactose

was observed.

Significance to Biomedical Research and the Program of the Institute :

Covalent modification of proteins by phosphorylation mediates many steps

in carbohydrate, protein, and fat metabolism. It is the major mechanism

known to control glycogen metabolism, gluconeogenesis, and liver glucose

output (which is the primary factor in maintaining blood gluose levels).

There are many problems with glucose homeostasis in the newborn period.

Current studies directly contribute to our knowledge of (1) the underlying

regulatory mechanims, (2) the development of these mechanisms, and (3)

their alteration by maternal disease. These studies provide a rationale

for therapeutic intervention using the milk sugar galactose.

Proposed Course of Project : This project has been terminated because the

principal investigator has left the NIH.

Publ ications :

1. Nakai, C. and Glinsmann, W.: Protein inhibitors of phosphorylase

phosphatase and cyclic AMP-dependent protein kinase from rabbit

skeletal muscle. Mol . Cell. Biochem . ]5_: 133-139, 1977.

2. Huang, F. L., Tao, S., and Glinsmann, W. H. : Multiple forms of

protein phosphatase inhibitors in mammalian tissues. Biochem. Biophys

Res. Commun . 78: 615-623, 1977.

3. Glinsmann, W. H., Huang, F. L., Tao, S., and Nakai, C. : Control

of rabbit muscle phosphorylase phosphatase activity. In Esmann, V.

(Ed.): Proceedings of the 11th FEBS Meeting . 42_- 107-118, 1977.

4. Simkins, R. A., Eisen, H. J., and Glinsmann, W. H.: Functional

integrity of fetal rat liver explants cultured in a chemically-

defined medium. Devel . Biol., in press.
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Simkins, R. A., Eisen, H. J., Sparks, J. W. , and Glinsmann, W. H.

Development of glucogenesis from galactose by fetal rat liver
explants in organ culture. Devel . Biol . , in press.

Glinsmann, W. and Eisen, H. J.: Fetal metabolism during maternal
diabetes. In Kirshbaum, J. and Oliver, I.T. (Eds.): Seminars in
Perinatology New York, Pergammon Press, in press.
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This project examines effects of naturally occurring polyamines in

thymus metabolism during early neonatal life . Current studies seek to
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Project Description:

Objectives : The main objective of this project is to determine in thymo-
cytes: (T) mechanisms underlying differential modulation of cellular
metabolism by hormones and nutrients and (2) factors controlling the
developmental appearance and age-related changes in these mechanisms. ^.

Methods Employed : The principal methods employed are: (1) a cation-
anion binding technique, which utilizes anion exchange resins; (2) an
application of derived mathematical equations to the experimental data;
and (3) general protein isolation techniques and enzyme assays.

Major Findings : We have recently found that naturally occurring polyamines
form strong complexes with nucleotides and that the tightness, mode, and
stoichiometry of polyamine-nucleotide binding is variable and is determined
by the type of polyamine and nucleotide. The mechanism for this complex
formation is qualitatively different from that for Mg-ATP complex formation,
and association constants for polyamine-ATP complexes are high. This
indicates that intracellular ATP can exist not only as Mg-ATP but also
as polyamine-ATP because of the high level of polyamines in cells. The
results lead us to speculate that polyamines bind tightly to nucleic
acids and that polyamines affect enzymatic reactions that require Mg-
ATP. The former case has been recently proved by other investigators,
and their results indicate, for example, that a definite number of ^i
spermidine molecules binds to one molecule of tRNA to stabilize the
biologically active structure of the tRNA. We have shown that polyamines
modify nucleosidediphosphate-kinase and protein-kinase reactions.

In order to characterize specificity for protein-kinase and phosphoprotein-
phosphatase reactions, we used highly purified muscle enzyme preparations
and chemically defined thymus histones. Since histones exist in vivo
both in free form and bound to DMA, we examined the effects of DNA and
other polynucleotides on histone-kinase and -phosphatase reactions. These
nucleic acids exhibited a variety of effects which are determined by the

histone/nucleic acid ratio. Addition of polyamines but not divalent
cations abolishes these effects of nucleic acids.

Significance to Biomedical Research and the Program of the Institute :

The total intracellular concentration of the polyamines reachs millimolar
levels; consequently they constitute a major portion of multivalent intra-

cellular cations. The level of an individual polyamine varies with change^
in physiological conditions, such as developmental stage (age), hormonal ^
influence, and nutritional states. Polyamines affect many biological

processes which are directly involved in the regulation of gene expression
and cell growth. These effects may be a result of the strong interactions
of the polyamine molecules with nucleotides and nucleic acids even in the

presence of metal ions. There is evidence that fluctuations in the phos-

phorylation state of histones may well be involved in the control of gene
expression. Therefore, we increase our understanding of the control of M
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acute metabolic regulation, gene expression, and cell growth by elucidating
mechanisms by which polyamines regulate the activities of histone kinase
and phosphatase. Furthermore, by using thymus as a developmental model
system, we learn more about factors controlling the age-related changes
in these mechanisms.

Proposed Course of Project : We plan to continue the project as outlined.
We shall study the interactions between polyamines and other cellular
components in more detail, and we shall purify kinases and phosphatases
from isolated thymocytes of rabbits during early stages of development.

Publ ications :

1. Nakai, C. and Glinsmann, W. : Inhibition of rabbit skeletal muscle
phosphorylase phosphatase by spermine. Mol . Cel l. Biochem. 15:
141-143, 1977.

—

2. Nakai, C. and Glinsmann, W. : Interactions between polyamines and
nucleotides. Biochemistry ]_6: 5636-5641, 1977.
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This project seeks to understand the molecular properties and function of
hormone and drug receptors in mammalian liver. Current studies deal with
(1) glucocorticoid receptors and glucocorticoid regulation of carbohydrate ^
metabolism in fetal liver , "T2) hormonal regulation of NSILA (nonsuporessible ^
insulin-like activity) synthesis by fetal liver, and (3) hepatic receptors for
aryl hydrocarbons .

€
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Project Description:

Objectives : The main objective is to understand the role of hormone and drug

receptors in regulating gene expression in mammalian liver.

Methods Employed : Biochemical studies focus on purification of gluco-

corticoid and aryl -hydrocarbon receptors in liver. Fetal liver cultures

are used to correlate biochemistry with cellular biology of hormone and

drug action.

Major Findings : DNA affinity chromatography was used to purify the hepatic

glucocorticoid receptor to near-homogeneity. Procedures using ion-exchange

chromatography were also developed to isolate the receptor in amounts

sufficient for antibody production and biochemical characterization. Th^:

technology developed to work with the glucocorticoid receptor is being

applied to isolate and characterize a liver protein that binds aryl
_

hydrocarbons. This binding protein may be directly involved in mediating

the effect of aryl hydrocarbons on gene expression (P^-450 aryl -hydrocarbon

hydroxylase). Genetic variants (unresponsive inbred mouse strains and

hepatoma tissue cultures) are being used to assess the role of this

putative receptor protein.

Methods for culturing large quantities of fetal liver explants in defined

medium were developed. These "mass" cultures were shown to synthesize

fetal-specific proteins (alpha, -fetoprotein) as well as transferrin and

albumin. This system was used'to demonstrate that fetal rat liver synthe-

sizes a class of peptides that are biochemically and immunologically similar

to insulin-like growth factors (NMSILA, MSA).

Significance to Biomedical Research and the Program of the I nstitute:

Study of the biochemical properties and functions of receptors will lead

to a better understanding of the mechanisms that control gene expression

in mammalian liver. Particular emphasis is placed on hormonal regulation

of gene expression in developing liver.

Proposed Course of Project : Major emphasis will be placed on the production

of antibodies to the purified glucocorticoid receptor. Studies on fetal
_

liver protein synthesis will focus on early stages of liver development in

the mouse. We have obtained preliminary evidence that the albumin synthe-

sized early in gestation is heterogeneous. The molecular basis for this

heterogeneity is currently unknown, but may represent expression of a

distinct fetal albumin allele, or post-translational modifications of

albumin that are specific for early stages of liver development.

Initial studies with the synthesis of insulin-like growth factors by fetal

liver have dealt with the biochemical characterization of the peptides.

Since these peptides are potentially important regulators of fetal growth, we

plan to study effects of growth hormones, lactogens, and other hormones on

the synthesis. These studies will also involve characterization of the

441



ZOl HD 00602-01 LBS ^
receptors for growth hormones and lactogens in the fetal liver.

Publication :

1. Eisen, H. J. and Glinsmann, W. H. : Maximizing the purificiation of the

activated glucocorticoid receptor by DNA-cellulose chromatography. ^
Biochem. J . 171 : 177-183, 1978. ^

2. Eisen, H. J.: Significance of hepatocyte receptors. In Davidson, C. S.

(Ed.): Problems in Liver Disease . New York, Gruen and Stratton,

in press.
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NICHD ANNUAL REPORT
October 1, 1977 through September 30, 1978

Laboratory of Molecular Genetics

The Laboratory of Molecular Genetics conducts research directed towards
understanding the molecular processes involved in the transmission of genetic
information and in its regulated expression during growth and differentiation.
A variety of model systems are under investigation, ranging from bacterial
and animal viruses to complex vertebrate regulatory responses involving the
synthesis of specific antibodies and the development of specific organ
systems. Taken together, the laboratory joins active workers in the areas
of genetics, biochemistry, electron microscopy, immunology, virology and
cellular biology to bring their skills to bear on problems of mutal interest.
At present, the laboratory is comprised of nine research groups distributed
among six sections.

I . Section on Gene Organization and Control

A. Studies have been directed towards understanding the regulated expression
and organization of two sets of mammalian genes, those involved in globin
and immunoglobulin production . An approach involving the use of recombinant
DMA technology has been developed that permits the cloning of virtually any
segment of the mammalian genome for which there is a hybridization probe.
Using this approach two mouse 6-globin genes have been cloned and shown to be

represented in the chromosomal DMA as three discontinuous segments separated
by two intervening sequences of DNA. This discontinuous gene has been shown
to be transcribed into a long precursor RNA molecule that is subsequently
cleaved and rejoined to form mature mRNA, thereby defining a new set of
reactions involved in the flow of genetic information. Using a similar
recombinant DNA approach, two immunoglobulin variable region genes have been
cloned and shown to be encoded in homologous segments of DNA. This arrange-
ment of genes which differs from the arrangement of the fixed globin genes
suggests that recombination may play a major role in generating immunoglobulin
gene diversity.

B. Studies have been directed towards understanding the regulatory pathways
controlling the antibody response at the cellular level . The integrated roles
of regulatory T-lymphocytes, macrophages and responder B-lymphocytes are being
delineated in vitro using cells obtained from athymic (nu/nu) mice and normal
(+/nu or +/+) NFR/N mice. A streptococcal exotoxin (SPE) has been shown to

profoundly affect antibody responses apparently by cancelling the function of
suppressor T-lymphocytes. The functions of macrophages and B-lymphocytes are
not directly altered. Two different populations of T-lymphocytes (Pools 1 and
2) have been separated on solid-phase (nylon-wool) columns. The SPE effect
is observed only when pool 2 is treated with SPE and recombined with the other
non-treated cells of the antibody forming system. This thus localizes the sup-
pressor cell population to pool 2. All cells appear to bind SPE as detected
by immunofluorescence techniques, but they do so with different site and activa-
tion patterns. Macrophages appear to engulf SPE and are not obviously inhibited
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in their function. A small population of B-lymphocytes exhibit a patchy locali-
zation of adsorbed SPE on their surface which they slowly or rapidly polariz^
or "cap" and shed, with some dependence on the molecular size of the SPE. The

receptor for SPE on B-lymphocytes may be surface immunoglobulin. T-lymphocytes
bind SPE in a diffuse pattern and appear incapable of capping and shedding the

SPE. Instead T-lymphocytes appear to slowly relocalize the diffusely bound SPE

internally, by a mechanism not preceded by capping. Experiments are now

directed towards discovering differences in the fate of SPE within the different

types of T-lymphocytes as they relate to altered cell function. We are looki^^
for evidence indicating SPE induced transitions of function among T-lymphocyt^

.

(Dr. Edgar Hanna - Principal Investigator)

C. Studies have been directed towards understanding the assembly
of RNA tumor viruses in a system which uncouples synthesis of murine
leukemia virus RNA from the terminal steps in virus maturation. Advantage
has been taken of our earlier observation in which assembly of a viral

core with all the normal protein components has been dissociated from the

incorporation of genomic RNA and its synthesis. In this reaction, defective
viral particles are produced which lack genomic RNA and contain predominantly
4S RNA. Normal (nondefective) RNA tumor viruses also contain 4S RNA

which is known to represent a selected population of host tRNA molecules.
Although the latter finding was initially reported about 10 years ago, the

mechanism by which selective encapsidation occurs has not been investigated
previously. The availability of particles lacking the genome has enabled
us to test a model which could explain this unusual aspect of virus assembly.

Based on the known interactions of viral tRNAs and the genome, the model

suggests that the major determinant in the tRNA selection process is genomic W
RNA. We have used a two-dimensional gel system to analyze 4S RNA and

have found that normal particles and particles lacking the genome have

the same tRNA patterns, which in both cases differ from that of the cell.

Moreover, using oligonucleotide fingerprinting techniques we have identified one

of the prominent viral tRNA species present in normal and defective
particles as proline tRNA, the primer for murine leukemia virus RNA-

directed DNA synthesis. Similar amounts of this tRNA occur in both types

of particles. These results indicate that the presence of the genome
in virions is not required for selective packaging of host tRNAs. Since

there is evidence suggesting that a virus-specified function is involved

in the selection process, a possible role for viral proteins is currently
under investigation. (Dr. Judith Levin - Principal Investigator)

II. Section on Cellular Differentiation

Studies have been directed towards understanding the molecular events

pertaining to gene expression and protein synthesis during the differentiaticA
of embryonic lens cells and during the pathogenesis of cataract formation .

Considerable progress has been made toward understanding the composition of

5-crystal 1 in. It has been resolved into at least three different subunits with

"jery similar amino acid sequences. The subunit composition of 5-crystallin is

being explored further at the DNA level. An important advance concerns the

recognition that the ratio of synthesis of these subunits in vivo and in vitro

is controlled by Na"*" and K""". Moreover, studies with an inherited cataract in the

I
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mouse (Nakano strain) has shown that changes in the intracellular concentrations
of Na"*" and K"*" cause profound changes in the ratio of synthesis of proteins during
cataractogenesis. In addition, preferential proteolysis and specific leakage of
crystallins, observed for the first time during cataractogenesis in the Nakano
mouse lens, was shown to be correlated with intracellular concentrations of Na"*"

and K"^. This has led to a ouabain model for the study of protein metabolism in
hydration-type cataracts. Experiments in the cultured embryonic chick lens has
shown that alterations in the ratio of synthesis of 6-crystallin polypeptides
cause a corresponding alteration in the combination of subunits which associate
to form the native protein. Thus, derangements in the ratio of synthesis of
polypeptides may result in further imbalances in native proteins, which may
affect function. Finally, a comparative study has shown that 6-crystallin DNA
sequences are lacking in fish, amphibians and mammals, but are present in birds
and reptiles. 6-Crystall ins from birds have isoelectric points near 5, while
those from reptiles are near 7. The subunit molecular weights and S_. aureus
peptides are similar, however, in 5-crystal 1 ins from birds and reptiles. Four
EcoRl fragments of chick DNA have been isolated which contain 5-crystal 1 in

sequences. These are being cloned for further characterization. (Dr. Joram
Piatigorsky - Principal Investigator)

III . Section on Molecular Structure

Studies have been directed towards understanding the mechanism by which
animal viruses gain control of host cell biosynthetic machinery . The genome
of poliovirus has been studied by electron microscopy of secondary structures.
Genomes containing a number of deletions have been isolated and mapped by
heteroduplex mapping and biochemical analysis. A map of the Tl-RNA resistant
fragments has been prepared and ordered with respect to the 3' end. Ribosome
protected fragments from translation initiation regions of the genome have been
prepared and preliminarily mapped. The genome of adenovirus type 2 has been
mapped by electron microscopy of secondary structures in the separated DNA
strands. Early proteins of adenovirus have been more extensively studied with
respect to their glycosylation. Coincident changes in non-glycosylated early
proteins have been found upon inhibition of glycosylation. Electron micro-
scopic analysis of nucleic acids has been refined through the use of tagged
molecules to identify the 3' ends of polyA containing molecules and through use
of photochemical cross-linking agents to fix secondary structure features.
Computer programs have been implemented to search nucleic acid sequences for
potential secondary structure features and to correlate them with known genes,
regulatory sites and observable secondary structures. The techniques of elec-
tron microscopy and sequence analysis have been applied to a variety of problems
of other investigative groups inside and outside the Laboratory of Molecular
Genetics. (Dr. Jacob M. Maizel , Jr. - Principal Investigator)

IV. Section on Animal Viruses

Cultures of human cells infected with adenovirus have been used as a

model system to study eukaryotic gene expression at the level of transcription .

This year entirely new concepts of transcriptional controls in eukaryotes have
been developed on the basis of electron microscopic observations of adenovirus
DNA:RNA hybrids. The experiments showed that nuclear viral RNA, thought to be
the precursor of messenger RNA, represents a continuous transcript of a gene.
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whereas mature messenger RNA is missing internal sequences, thought to be r^^ed
during RNA maturation. The detection was made and announced independently and
simultaneously by three adenovirus laboratories, including this one. Soon there-
after, similar findings in other eukaryotic systems have stressed the importance
of the phenomenon of

"
RNA spl icing "

as a new concept in the understanding of the
instruments and controls of eukaryotic gene expression, (Dr. Heiner Westphal -

Principal Investigator)

V. Section on Molecular Regulation

A. Efforts have continued to understand how cells regulate the expression of
large sets of their genetic information so as to coordinate cellular functions
during growth. In particular work has focused on regulatory effects of the
nucleotide ppGpp which apparently controls the gene expression of about half
the E. col i genome . Genetic studies have resulted in the isolation of new
mutants that are completely defective in ppGpp production as well as a variety
of genetically distinct mutants that show defective ppGpp regulation. Physio-
logical studies with energy source depleted classical ppGpp regulatory mutants
have provided strong support for a new hypothesis on the mechanism by which
this stress results in ppGpp accumulation. Representative genes regulated by
ppGpp have been cloned and promoter regions are being sequenced for comparisons
to genes unaffected by ppGpp. Studies on initiation of gene transcription by
RNA polymerase have led to a means of dissection of biochemical parameters
affecting the formation of the first few phosphodiester bonds of the RNA chain
and have revealed an unexpected high efficiency of ol igoribonucleotide mutation.
Stabilization of RNA polymerase complexes with DNA accompanies the formation ^k
certain phosphodiesters; this property can be exploited to isolate and analyz^
polymerase molecules in different phases of transcription as well as to directly
sequence RNA transcription products. These considerations are a prerequisite
to understanding how ppGpp controls initial stages of transcription as well as
how normal gene transcription is begun. (Dr. C. Michael Cashel - Principal
Investigator)

B. Enzymes analogous to the E. col i RNase III, an enzyme known to be involved
in processing RNA in E. coli, have been isolated from chick embryos and studied
in this laboratory. One of these, RNase DII, has been implicated in ribosomal
RNA processing by its cellular localization, its ionic requirements and by the
size range of products that it generates on cleavage of ribosomal RNA precursors.
Secondly, electron microscopic studies of homologies between ribosomal RNA genes
of the mouse and chicken have demonstrated excellent homology in the 18S, 28S
and 5.8S rRNA regions, but no homology in other regions (i.e. at this level no
observed processing site is readily detectable). Thirdly, studies on RNase H

have demonstrated several forms of enzymes in E_. col i that can degrade the rit^^
nucleotide portion of poly rA-poly dT--among those on RNase H, DNA polymerase^P
and exonuclease III. The method of analysis employed has permitted us to examine
a number of different strains of E_. col i as well as E_. col i subjected to various
stresses (e.g. chloramphenicol treatment). The most striking differences detected
to date are: 1) lower levels of RNase H in a mutant strain and 2) the appearance
of a new activity after infection with bacteriophage T^. (Dr. Robert J. Crouch -

Principal Investigator)
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VI . Section on Microbial Genetics

Studies have been directed towards understanding the mechanism by

which a virus, the bacteriophage X, inserts Its chromosome Into the chromo-

some of Its host and how this Intracellular virus nucleic acid Is incorpor-

ated Into an infectious particle . The Isolation and characterization of

mutants in the gene for one of the proteins that catalyzes \ Integration

and excision shows that these two reactions proceed by different pathways.

It seems likely that a different form of the catalyst is needed for each

reaction. Integration and excision both occur by breakage, exchange,

and rejoining of both strands of the two participating DNA molecules.
A cell-free system has been devised and successfully employed to isolate

intermediates in the reaction. In addition, a useful in vitro packaging

system has been developed which allows the formation of intact phage from

recombinants (and other) DNA molecules. This system promises to be very

useful in recombinant DNA research. (Dr. Robert Weisberg - Principal Investi

gator)
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The long term goals of this project are to determine the mechanism of
recombination of virus DNA with the host chromosome and to determine how
intracellular virus DNA becomes infective (or matures). We have shown
that a host mutant unable to support recombination between \ and E. coli
lacks a required protein Integration of the phage genome into host'
chromosome appears to require a different form of the phage int protein than
does excision. We have discovered an example of imprecise excision of the
A chromosome that may shed light on the molecular mechanism of site specific
recombination. He have characterized a new gene required for cutting and
packaging of \DNA and we have shown that positioning of the right end of the
DNA inside a \ particle is a discrete and essential step in virus assembly.
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Project Description :

Objectives : To understand how a virus inserts its chromosome into the

chromosome of its host; to understand how Intracellular virus nucleic acid

is Incorporated into an infectious virus particle; to study regulation of

virus gene expression.

Major Findings :

1) We have continued our characterization of an Escherichia col

i

mutant

called hip ) that fails to support the Integration of the phage a genome.

This mutant lacks at least one protein that is required for Integrative re-

combination, both in vivo and in vitro . The hip protein is also required for

integration of a number of other temperate col phages. Preliminary evidence
suggests that it may also be involved in some phase of transcription.

2) We know that excision of the \ genome from the Escherichia col 1

chromosome is not a chemical reversal of insertion, we have shown that
integration requires a higher Intracellular concentration of the phage int

protein than does excision, and that the excision activity of int protein

is more stable than is the integration activity. This suggests that a

different form of the protein is required for each process.

3) Previous evidence had suggested that excision of A from the

Escherichia coll chromosome regenerated precise copies of the original virus

and host chromosomes. We have discovered an exception to this rule that

promises to shed light on the molecular mechanism of virus-host recombination.
Lambda excision from a particular site in the host chromosome is "imprecise"

about half the time. The molecular ratio of the imprecision is under study.

4) In order to form an infectious virus particle, a precise copy of

the A chromosome must be cut from an oversized precursor and packaged inside

a preformed protein shell, We have discovered another x gene that is required

for cutting and packaging and have characterized the single mutation that

defines this gene.

5) We have shown that a precise positioning of the right end of the DNA

of A particles is a discrete step in virus assembly and is required for

injection of the DNA into a new host.

Proposed Course of Project : We plan to investigate the involvement of the

hip protein in site specific recombination and other processes. We plan to

determine the nature of imprecise prophage excision by DNA sequencing tech-

niques. We plan to search for mutants that accumulate an intermediate in site

specific recombination.
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Significance to Biomedical Research and the Program of the Institute : The
insertion and excision of viral (and other episomal) DNA is known to change
the physiology of the host organism. In addition, these viruses (and other
episomal elements) provide an important mechanism of genetic transfer and
exchange in the microbial world. Viruses promote genetic transfer because
of their ability to convert host genes to an Infectious form by packaging
them Inside a shell of viral structural proteins. It is highly likely that
such a successful symbiotic relationship has an analogy in the relationship
between certain animal viruses and the cells of higher organisms. In fact
it is known that animal viruses can package the DNA of their hosts although
the biological significance of this phenomenon Is unknown. Moreover, an

understanding of the control mechanisms operative in these easily studied
microorganisms has obvious relevance to an understanding of regulatory
elements in higher organisms. The ability to direct the insertion of phage
DNA to pre-determined locations on the host chromosome should prove to be an

extremely useful and widely applicable method for Isolating gene products
and studying the control of bacterial gene expression.

Publ ications :

1. Sternberg, N. and Weisberg, R.: The Packaging of Phage \ DNA. I. The
Role of the A Gene Product. J. Mol . Biol . 117: 717-731, 1977.

e2. Sternberg, N. and Weisberg, R.: The Packaging of Phage ,\ DNA. II. Th

Role of the D Gene Product. J. Mol . Biol . 117: 733-759, 1977.

3. Marini, J., Weisberg, R. and Landy, A.: The Isolation of Restriction
Fragments Containing the Primary and Secondary (galT) Bacterial att
Sites of Phage X. Virology 83: 254-270, 1977.

4. Thomas, J., Weisberg, R., and Sternberg, N.: Altered Arrangements of
the DNA in Injection-Defective Lambda. J. Mol . Biol . , in press.

5. Enquist, L., Weisberg, R. and Kikuchi, A.: The Role of '> Integrase in

Integration and Excision. Cold Spring Harbor Symp. Quant. Biol. ,
in press

6. Miller, H., Kikuchi, A., Friedman, D., Weisberg, R., and Nash, H.:

Site Specific Recombination of Bacteriophage x: The Role of Host
Gene Products. Cold Spring Harbor Symp. Quant. Biol. , in press.

7. Weisberg, R. and Adhya, S.: Illegitimate Recombination in Bacteria f

and Bacteriophage. Ann. Rev. Genet. 11 : 451-473, 1977.

8. Nash, H., Enquist, L. and Weisberg, R.: On the Role of the X int

Protein in Site Specific Recombination. J . Mo 1 . Biol. 116: 627-631,
1977.
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We are concerned with mechanisms by which a cell regulates the expres-
sion of its genetic repertoire so as to coordinate complex cellular activi-
ties during both normal growth and nutritional deficiency. Although all
cells are capable of this widespread integrative control , we have utilized
the bacterium E_. coli because molecular genetic approaches are simplified.
Previous project work has described the discovery, characterization and regu-
latory attributes of a regulatory nucleotide, ppGpp , that is though to par-
ticipate in the regulation of at least half of the genes of E_. col i .

Amber mutants have been isolated that are defective in ppGpp regulation
and map in chromosomal regions encoding ribosomal proteins. These probably
represent defects in the ribosomal site for ppGpp synthesis. In addition
a mutant has been isolated that is completely defective in ppGpp synthesis,
the first such example in prokaryotes. Attempts to reproduce ppGpp inhibi-
tion of ribosomal RNA promoters using highly purified biochemical systems
available through genetic cloning have revealed that unforeseen components
or structures a rp nr e reg u isitps for rpgnlat i n n. Jhp^p are being explored.
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Project Description :

Objectives : The continued aim of this project is to understand in molecular
terms how cellular activities are coordinated. This regulation is a pre-

requisite to normal growth but is most prominently displayed during cellular
responses to change in growth conditions. The regulatory system studied in

detail here is mediated by ppGpp, a nucleotide effector formed on ribosomes
when messenger RiNA codons bind to uncharged cognate tRNA. Classically ^^
mutants unable to respond to uncharged tRNA by synthesizing ppGpp have defined
this regulatory system but have nevertheless accumulated ppGpp during energy
source deprivation. Previous annual reports have considered ppGpp specified
regulatory consequences on cellular intermediary metabolism, transport and

cellular physiology. Here we continue to dissect out characteristics of

ppGpp production as well as the way in which ppGpp regulates initiation of

gene expression.

Principal Findings :

1. Biosynthesis of ppGpp . Until this project year, no prokaryotic cell

strain has been noticed that is completely deficient in ppGpp. We have

derived such a mutant in E_. col i after first deriving amber mutants in the

ribosomal site for ppGpp synthesis as well as in the protein encoded by the relA

locus that specifies the enzyme that is active on the ribosome. These latter
sorts of mutants had basal levels of ppGpp that could be elevated by carbon
source starvation and hence were not completely ppGpp deficient. Surprising-^^
ly the new mutant grows at fairly normal rates indicating that ppGpp serves ^^
no role essential to life, but is merely a regulatory species much like cAMP.
Also genetic mapping of the locus responsible for the defect (called rel S)

shows it to map at a new chromosomal location, hinting at the possibility
that another enzyme system is responsible in addition to the ribosome
specific relA protein. Curiously genetic studies have revealed that the

mutation eliminating ppGpp levels entirely cannot survive in the presence of

a normal relA protein, but only when this gene is mutated as well. The

existence of this mutant and its characterization is expected to provide an

interesting approach to routes of ppGpp synthesis.

Physiological studies have explored the requirements for ppGpp accumula-
tion in classical relA gene mutants. We have found that ppGpp accumulation
during carbon starvation is not inevitable as previously supposed but instead

is blocked by inhibition of protein synthesis or aminoacylation of tRNA in a

manner precisely the obverse of regulatory behavior during aminoacyl tRNA

deficiencies in wild type strains. We interpret these data to mean that
relA mutants can synthesize ppGpp when most tRNA species are uncharged (as 9
during energy depletion) but not when a single species is uncharged (as

during starvation) for a single amino acid. Mechanistically this could
reflect two sorts of defects in the ribosomal site for ppGpp synthesis; one

is a weakened binding constant responding to changes in tRNA concentration
and the other is more stochastic, responding randomly at a lower frequency

to the number of times a mRNA codon binds uncharged tRNA rather than charged
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tRNA. The existence of the relS mutant strain that synthesizes protein
quite normally makes the above interpretations enigmatic; resolution of
this enigma should be revealing. It should be noted that other laboratories
have isolated relA l amber mutants and deletions extending into, but not
beyond relA ; . That such mutants synthesize ppGpp during carbon starvation
confirms our findings described in last year's annual report.

2. Regulation of gene expression by ppGpp . Cellular regulation studies
must be reassessed now that mutants are available making no ppGpp. Earlier
assessments that half the E_. col i genome was regulated by ppGpp involved
comparisons of strains that had high levels and those that had only basal
levels. We are now in a position to examine the regulatory effects of an
absolute deficiency of ppGpp.

Known regulatory effects of ppGpp are thought to be exerted at the
level of initiation of gene expression with negative effects on some gene
promoters and positive effects on others. Utilizing genetic engineering
techniques we have isolated highly purified genetic fragments encoding
both sorts of promoters in order to biochemically dissect components par-
ticipating in regulation. Last year's project report discussed features of
a ribosomal promoter that were surprisingly complex as well as the finding
that linear gene fragments were not regulated by ppGpp in highly purified
in vitro systems. This year we have confirmed this observation under a

variety of conditions and also isolated a promoter fragment subject to

positive ppGpp control in vivo and in crude systems.

We are currently exploring the reasons why a highly purified system
fails to show appropriate ppGpp regulation in comparison to cellular or
crude in vitro behavior. There are many possibilities being explored. An
especially interesting candidate is supercoiled DNA structures as a

prerequisite for regulation, since ppGpp regulation of transcription in

crude S30 preparations has been found in Zubay's laboratory to be abolished
by novobiocin, an inhibitor of DNA gyrase. Genetic approaches to regula-
tory participants have been opened by our derivation of a lambda phage
containing genes of the galactose operon whose expression is dependent upon
a ribosomal RNA promoter. Since the enzymes for galactose utilization can

be easily tested and are under ppGpp control, mutants in ribosomal pro-
moters responsible for galactose utilization can be derived to define DNA
sequences essential to promoter activity and regulation. Conversely, host
mutants are expected to define factors other than ppGpp and the promoters
that might participate in regulation. Sequencing studies are in progress.

Biochemical dissection of the stages of initiation of gene expression
by RNA polymerase has been possible through the use of dinucleotides and
nucleotide analogs as initiators. By limiting substrate availability and
measurement oligonucleotide formation directly we have been able to charac-
terize biochemical parameters resulting in the synthesis of a single phos-
phodiesterbond. These studies have yielded new information on the mechanism
of action of rifampicin (an inhibitor of RNA chain initiation but not
initial phosphodiester formation) as well as factors affecting the stability
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of the enzyme :DNA:RNA complex at early stages of initiation. Whereas
dinucl eotides initiate much less efficiently than normal nucleotide sub-
strates and even some nucleotide triplets, longer oligonucleotides were found
to serve as initiators at a concentration several orders of magnitude lower
than normal substrates. This observation, taken together with known genera-
tion of such oligonucleotides by early events in RNA processing raises the
possibility that such "processed out" oligonucleotides might participate i^
initiation of gene expression physiologically. These basic studies on
initiation of gene expression have yielded isolation of DNA complexes con-
taining RNA polymerase associated with promoters after formation of a

single phosphodiester bond. Such complexes can be exploited for sequencing
the RNA transcript from such start sites directly and thereby precisely
orient the gene transcript with the DNA sequence.

Significance to Biomedical Research and the Program of the Institute :

Integrative control processes are common to all growing and nutritionally
adapting cells. This problem has turned towards a more basic understanding
of how gene expression is initiated and regulated which will be essential
for understanding primitive, differentially and specialized cellular func-
tions.

Proposed Course of Project

Genetic and biochemical approaches discussed will be pursued using ^
biochemical verification of mutant behavior to validate the significance
of in vitro observations. Ultimately it is hoped regulatory participants
will be highly defined and molecular routes of initiation of gene expression
will be understood.

Publ ications :

1. Glaser, G. , and Cashel , M. : In vitro transcripts from the rrnB
ribosomal RNA cistron originate from two tandem promoters. Cell ,

in press.
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RNA plays an important role in cellular regulation - either by its presence

in active form or by its total absence. A number of proteins have been

shown to be involved in regulating RNA synthesis and RNA processing in

Escherichia col

i

- among these are RNA polymerase , rho and RNase III . These

proteins are involved in the synthesis or inhibition of synthesis of specific

species of RNA and in the processing of RNA . Another enzyme which may be

involved in regulation of RNA synthesis is RNase H. The objective of this

research project is to determine the method by which several of these

enzymes act to regulate RNA synthesis in _E. col

i

and chick embryos .
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Major Findings :

Our goal has been to understand the involvement of several enzymes in

the control of synthesis and utilization of RNA transcripts. RNase DII was
isolated from chick embryos in this laboratory on the basis of its ability
to degrade double-stranded RNA to acid soluble products. Such an assay
was used because of the analogy to RNase III - an enzyme from E. col

i

^
that can degrade double-stranded RNA - but in vivo is involved in proces-W
sing ribosomal RNA. To further implicate RNase DII in processing ribosomal
RNA in animal cells, we employed an in vitro transcriptional system from
nucleoli, the organelle in which ribosomal RNA transcription occurs and
processing begins. In this sytem we have found that the size of the product
depends on the ionic conditins employed for transcription. Full length (45S)
transcripts are obtained under conditions that inhibit RNase DII but
smaller products (of the size range of intermediates of ribosomal RNA observ-
ed ijn vjwo) are generated under conditions favoring RNase DII even though
the overall level of transcription remains essentially unchanged. More
evidence of the involvement of RNase DII in ribosomal processing comes from
the finding of the association of an enzyme that degrades double-stranded
RNA with nucleoli more speci ficial ly with the preribosomal ribonucleopro-
tein particles. The enzymatic activity responsible for the degradation has
been partially purified from both chicken and mouse nucleoli and its behavior
remarkably parallels that of RNase DII. All of this evidence is suggestive
that RNase DII is involved in ribosomal RNA processing in animal cells.

Although a great deal is known at the level of size and types of RNA
in the pathway of ribosomal RNA processing, very little information con-
cerning the enzymatic details of processing is known. For example: (1) How
many enzymes are involved? (2) What is the nature of the nucleotide bond(s)
that is cleaved at each stage? and [3) Is there a conservation of these
sites in different organisms? Each of these questions must be addressed
for interpretation of in vitro experiments with RNase DII. Our first approach
has been to examine conserved regions between mouse and chicken ribosomal
genes. Using cloned fragments of portions of the ribosomal genes of chicken
and mouse we have used the electron microscope to analyze homologies. Our
results show that the 18S, 28S and 5.8S rRNAs are highly conserved whereas
the region of the transcribed spacer that are processing sites show no
homologies. Thus, the regions involved in processing are either not con-
served or are so small that they are not detectable using electron micro-
scopy.

As part of our understanding of the mechanism of action of RNase III,^
our studies on the cleavage of Polio RNA have continued. Currently, we ar^
completing the mapping of "unique" Tl resistent oligonucleotides in relation
to the fragments generated by RNase III.

After modification of a method for analyzing enzymatic activities in

SDS-polyacrylamide gels, we have been able to examine total extracts of
E_. col i for activities that degrade the RNA portion of poly rA-poly dT.

The major advantage of this approach is that we can examine the total cellJ^
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without any purification for such activities and that cells under a variety

of physiological conditions can be examined. The major limitation of this

technique is that only those proteins composed of a single polypeptide sub-

unit are detected. However, we have seen at least seven such activities.

Three of these activities have been identified by their mobilities in com-

parison with purified enzymes as DNA polymerase I, exonuclease III and

RNase H. Because of the complicated nature of the detection system (which

measures both renaturation and enzymatic activity) it is difficult to make

quantitative estimates of the relative contribution of each activity. How-

ever, comparisons of different stages of cell growth (log cells vs. station-

ary cells), cells infected with viruses, cells treated with antibiotics or

mutant cells can be examined for changes in any of these activities. Pre-

liminary experiments of this nature have revealed a new activity appearing

after infection of E_. coli with bacteriophage T4, '^ery little difference
in stationary and logarithmically growing cells, a lower level of RNase H

in a mutant strain of E_. col i and almost no change in any of the activities

upon treatment of cells with chloramphenicol.

Proposed Course of Project :

Analysis of RNase DII will continue along two paths: (1) We will begin

studies on the nature of the sites of intermediates of ribosomal processing

in vivo and (2) A comparison of the jjl vitro cleavage of ribosomal RNA pre-

cursors by RNase DII to the in vivo products will be made. Studies on

RNase III action on eukaryotic RNAs will continue and we will begin the

analysis of the sites of cleavage in order to further elucidate the mechan-

ism of action of RNase III. A continuation of studies on RNase H will cen-

ter on the RNase H mutant and on the activity observed after infection of

_E. col i with T4. Analysis of these two activities should give us some

insight into the role of these activities in the cell.

Pub! ication :

1. McClements, W., Tilghman, S.M., Crouch, R. and Skalka, A.: Cloning

and Analysis of rDNA from Higher Eukaryotes. Recombinant DNA ,

Elsevier/North Holland, Amsterdam, 1978.
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SUMMARY OF ^ORK (200 «ords or less - underline keywords)

The goal of this project is to define the molecular mechanisms involved in

the replication of enveloped RNA viruses and in particular, to understand
factors which influence the regulation and expression of viral genetic
information . The possible role of the viral RNA genome in directing virus

assembly is currently being investigated in a system which uncouples murine ^
leukemia virus RNA synthesis from terminal steps in virus maturation. The

virus particles produced under these conditions resemble deletion mutants
since they lack the 70S RNA genome and contain only low molecular weight RNA

species, predominantly 4S RNA. Our recent results demonstrate that the 4S

RNA in the defective virions represents a selected population of host tRNAs,

as is the case for normal particles. Thus, the viral RNA genome does not

appear to control the selective packaging of host tRNAs which occurs during
virus assembly. A possible role for one or more viral proteins in the tRNA ^
selection process will be explored with other types of defective virions.
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Project Description :

Objectives : To study factors which influence expression of viral genetic
information; to define in molecular terms the specificity requirements of
the virus assembly process; to understand the virus-host relationship in

chronic infection.

Methods Employed : Mouse cells chronically infected with murine leukemia
virus are maintained as continuous lines in culture. Leukemia virus produc-
tion is measured by assay of the extracellular fluids for reverse tran-
scriptase activity in response to synthetic templates. Infectivity is

determined by the XC plaque assay. The RNA species present in virions are
analyzed by polyacrylamide gel electrophoresis. Conditions have been
devised which yield high resolution of a wide range of RNA molecules, from
the high molecular weight 70S viral RNA genome to the low molecular weight
8S and 4S RNA species. Viral proteins are analyzed on polyacrylamide slab
gels. Electron microscopy is used to follow viral morphogenesis and to

delineate the ul trastructural features of the virions.

Major Findings :

1. In earlier work on this project, a system was developed in which syn-

thesis of murine leukemia virus RNA is uncoupled from terminal steps in

virus maturation by treating chronically infected cells with actinomycin D.

Despite the absence of ongoing viral RNA synthesis, virus particles continue
to be assembled for at least 8-12 hours. Most of the virions produced are
defective, however, and form a unique and previously undescribed class of
RNA tumor virus particles which lack 70S genomic RNA and appear to contain
only low molecular weight RNA species. We now refer to these defective
particles as Act D virions .

2. Studies on viral RNA. A more detailed analysis of Act D virion RNA has

been undertaken under conditions which minimize toxicity to cells and con-
tamination of virions with cell debris. This involves treatment of infected
cells with a ten-fold lower dose of the drug.

A. The previous observation that Act D virions lack 70S genomic RNA
and contain predominantly 4S RNA has been confirmed. Using virion-associated
reverse transcriptase activity as a measure of total virus particles, it can
be shown that Act D and normal virions contain the same amounts of RNA per

virion. The data suggest that the 70S RNA deficiency in the defective par-
ticles is compensated by an increase in 4S RNA content.

B. In an effort to understand how specific host tRNAs are incorporated
into RNA tumor virus particles, experiments designed to characterize the 4S

RNA species associated with Act D virions have been carried out.

1. Although it has been known for 10 years that RNA tumor viruses con-

tain 4S RNA which consists of a selected population of host tRNA molecules,

the mechanismCs) involved in the selection process have not been investigated
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previously. Based on the known interactions of viral tRNAs with the viral

RNA genome and the presence of these tRNAs in the 70S RNA complex, we have

considered a model which suggests that the viral RNA genome is the major
determinant in the selective packaging of host tRNAs. The availability of
the Act D system, which generates virus particles lacking the genome, has

allowed us to evaluate the model experimentally.

2. The model has been tested by comparing the composition of free 4S

RNA in normal and Act D virions. Using two-dimensional gel electrophoresis
to analyze viral tRNAs, we have demonstrated that the patterns for normal
particles and Act D virions are identical to each other, but are clearly dis-

tinct from the cell 4S RNA pattern. Both viral patterns contain a prominent
spot which has been identified on the basis of its Tl RNase oligonucleotide
fingerpirnt as proline tRNA, the primer for murine leukemia virus RNA-directed
DNA synthesis. Interestingly, similar amounts of the primer tRNA are present
in normal and defective virions. These findings have been made with two

different mouse virus strains, AKR and Moloney, each grown in the same cell

1 ine.

3. The results lead to the conclusion that the presence of genomic RNA
is not required for selection of host tRNAs during the virus assembly process.

Significance to Biomedical Research and the Program of the Institute : The
advantages of viral systems as models for studying the regulation and ^'
expression of genetic information are well recognized. Studies on the RNA^
tumor viruses are of special interest since these viruses establish a

chronic infection in the host cell by integrating viral genetic information
into the host chromosome. An understanding of the various steps involved
in tumor virus replication and mechanisms for generating defective virions
should aid in efforts to limit the oncogenic potential of these agents.
Finally, information on the degree to which host material can be assembled
into virus particles could have some application in the field of gene
therapy, where the use of pseudotype virions has been contemplated as a

means of introducing "foreign" nucleic acid into an individual possessing
an inherited biochemical defect.

Proposed Course of the Project :

A. In the coming year, efforts will continue to elucidate mechanisms
involved in selective packaging of host tRNAs by murine leukemia virus
particles. Since there is evidence favoring the possibility that tRNA selp^-
tion is a virus-specified function, the elimination of the genome as a ma,;^
determinant in this process suggests that a viral gene product may be in-

volved. Our approach to this problem will entail analysis of tRNAs from
mutant viruses which are missing one or more viral proteins. The two-dimen-
sional gel system and oligonucleotide fingerprinting technqiues will be used.

B. The Act D system will provide an approach to questions involving
viral RNA in other biological systems. ^
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1. Recently, conditions have been established which allow murine

leukemia virus particles to overcome the natural host restriction barrier to

virus replication. This phenomenon, termed "abrogation", is two-hit i.e.,

two virus particles are required for each infection; however, only one of the

particles must actually be capable of replication. Viral functions provided

by the nonrepl icating virus have not been completely identified. Act D

virions will be used in this system in order to determine whether there is

a requirement for the presence of the viral RNA genome. In addition, the

phenomenon will be correlated with the stability of virion-associated genomic

RNA.

2. A novel class of endogenous viral RNA (30S RNA) is packaged in

virions released from mouse cells infected with helper-independent murine

leukemia viruses, such as the AKR virus used in our Act D studies. This 30S

RNA is thought to represent the genome of a defective endogenous virus. In

an effort to obtain further insights into regulated expression of viral

genetic information, we are interested in determining whether the intra-

cellular pool of SOS viral RNA and the appearance of 30S RNA in extracellular

virions are subject to the same synthetic constraints as the helper-indepen-

dent virus. In these experiments, AKR virus-infected cells will be incubated

in the presence and absence of actinomycin D. Hybridization techniques

utilizing specific viral DNA probes will be used to measure intracellular

and extracellular sequences of 30S RNA and AKR virus RNA.

Pub! ications :

1. Gerwin, B.I., and Levin, J.G. 1977. Interactions of murine leukemia

virus core components: Characterization of reverse transcriptase

packaged in the absence of 70S genomic RNA. J. Virol . 24: 478-488.
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Project Description :

Objectives : Our objective is to describe in molecular details the com-
ponents of animal viruses and infected human cells with the aim of thereby
pinpointing the molecules that cause the genetic and non-genetic changes
in transformation and infection, and providing clues to their roles. The
animal virus systems used as models have been poliovirus, adenovirus and
murine oncornaviruses.

Methods Employed : Each virus system has been examined with the techniques
of isotopic tracer analysis in vivo and SOS gel electrophoresis to detect
all of the viral proteins and nucleic acids as they are newly synthesized
and modified and to detect changes in cellular proteins. In combination
with subcellular fractionation techniques individual proteins can be fol-
lowed through their synthesis and assembly into multimeric forms, and
localization in subcellular fractions. By such fractionation powerful
clues as to the structural and functional roles are obtained. Electron
microscopy is used to characterize individual and complex macromolecules
and to localize biologically active molecules through the use of radioauto-
graph and immuno-electron microscopy.

Major Findings :

1. Poliovirus - The poliovirus genome has been mapped by sequence sensitive
and by electron microscopic techniques. Ribonuclease III, a nuclease that
recognizes secondary structure, was used to cleave intact RNA molecules at
a limited number of specific sites. All fragments having intact 3' terminal
poly A sequences have been selected by chromatography on poly A-Sepharose.
The mixture of 3 '-fragments has been separated into a series of increasing
size by gel electrophoresis and recovered quantitatively in a system developed
in the Section, Using a modified two-dimensional nucleic acid fingerprinting
procedure on the sized fragments it has been possible to assign at least two
dozen unique oligonucleotides to a number of ordered positions along the
linear genome. Electron microscopy has been used to map secondary structures
in the polio type I genome using a photochemical psoralen derivative to sta-
bilize regions of partial dyad symmetry into structures that can be recog-
nized in the electron microscope. The orientation of these structures to
the 3' end has been accomplished by attaching a visually identifiable SV40-
dBru tag to the 3' poly A. Poliovirus RNA molecules from defective, inter-
fering (DI) particles have been examined by biochemical analyses. This
particular isolate of DI virions has been found to have approximately 15%
of the genome deleted. Surprisingly, in heteroduplex analyses with wild
type virus and in self-heteroduplexes these deletions are found to occur in
many different locations in a region from about .1 to .5 fractional length
from the 5' terminus of the genome. These deletions have proven to be useful
in a number of studies including one in which a factor capable of promoting
in vitro assembly of empty capsids from subunits can be distinguished in cells
infected with DI particles even though these cells do not themselves assemble
particles because the capsid structure protein is deleted. This is the final
conclusive proof of such a distinct factor in animal viruses,
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There is a generally good correlation between some regions of secondary

structure and regions of deletion. This leads to models for the origin of

deletions involving splicing or replicative enzymes at secondary structures.

Using a procedure for purification of poliovirus replication complexes

devised here it has been possible to study events in the polio replication

cycle yery shortly after infection with the unexpected finding that RNA ^
replicase protein enters the replication complex within 30-60 minutes after

"
infection and is never replaced. Popular models for a replication complex

assume that enzyme turns over rapidly. We are thus led to a re-examination

of poliovirus RNA replication.

2. Adenovirus - The genome of adenovirus type 2 has been mapped for regions

of partial dyad syimietry by first separating the rightv^ard and leftward

transcribable DMA strands, inducing structures at various conditions known

to favor duplex formation, cross-linking with psoralen, and examination by

electron microscopy. Orientation of the molecules was accomplished by hy-

bridizing to complementary strands having a known substitution. Many struc-

tures were observed. Until the genome is more fully defined, it is not

possible to assign biological roles to these structures. An unexpected find-

ing was the appearance of differences between the two strands. This has

been explained by the supposition of imperfect dyad structures having non-

complementary reactivity with psoralen and has been nicely supported by

computer analysis of SV40 nucleic acid sequences conducted here.

Early adenovirus type 2 infection of Hela cells a glycoprotein of

MWapp=19,000, known as "E2" or "19K" protein, is readily detectable, and is

very much enriched in the plasma membrane. Synthesis of this protein has

been found to be inhibited by addition of 10-20 mM glucosamine and other

bands of lower MWapp are found to appear. These MWgpp 14,000 and 15,000

interestingly match precisely with bands that are induced by cycloheximide

inhibition and reversal and have been shown to map at an entirely different

region in the genome than that assigned to E2. Peptide mapping studies are

under way to compare the polypeptides involved.

3. Methodology - Computer analysis of nucleic acid sequence data has been

set up in the laboratory employing some of the most powerful programs avail-

able. These programs allow search for restriction enzyme sites, specific

sequences, amino acid sequences and very sophisticated symmetry analyses

with controllable misfitting allowed. These methods have already begun to

facilitate searches for the structures that must be involved in regulation

of gene expression. M

Initial progress in collaboration with Bruce Shapiro, Peter Lemkin and

Lewis Lipkin CNCI) on automated measurement of electron micrographs has led

to a program that can recognize and measure secondary structures of relative

rudimentary form. Likewise initial efforts have been begun to automate

the reading of nucleic acid sequence gels. Work has resumed on the use of

non-cytochrome spreading procedures to allow higher resolution analyses in

EM of nucleic acids.
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Proposed Course of Project : Work will continue using combined biochemical
and electron microscopic techniques to characterize molecules and to relate
them to the architecture of the cell. Work on intracellular localization of
viral proteins will be pursued using cell cytoskeleton preparations which
can retain a remarkable degree of morphology even though the cell has been
permeabilized. Efforts will be made to construct better labels for the
tagging and identification of various molecular features. Efforts to
enhance computer analysis of sequences and to improve graphic output will
be made. It is anticipated that within the year commercial units for image
analysis will fall below the $100,000 range and will be of great usefulness
for EM and autoradiogram analyses of all sorts.

Significance to Biomedical Research and the Program of the Institute :

Biochemical characterization of the early events in viral infections has
more completely defined the critical events in cellular and viral regulatory
mechanisms. New techniques using electron microscopy are now permitting
visualization of molecules in the process of carrying out their regulatory
roles. Observations of the specific interactions between cellular and
viral genomes and their transcriptional and translational products strik-
ingly verify and extend biochemical findings. Information thus derived
will find application in control of reproduction, growth, differentiation
and viral disease in higher organisms.

Publ ications :

1. Lundquist, R.E. and Maizel , Jr., J.V.: Structural studies on the RNA
component of the poliovirus replication complex. I. Purification and
biochemical characterization. Virology 85: 434-444, 1978.

2. Meyer, J., Lundquist, R.E. and Maizel, Jr., J.V.: Structural studies
of the RNA complex. II. Characterization by electron microscopy and
autoradiography. Virology 85: 445-455, 1978.

3. Peterlin, B.M., Sullivan, M., Westphal , H. and Maizel, Jr., J.V.:
Secondary structure map of psoralen-crossl inked adenovirus DNA
studied by electron microscopy. Virology 86: 391-397, 1978.

4. Tilghman, S.M., Tiemeier, D.C., Seidman, J.G., Peterlin, B.M.,
Sullivan, M., Maizel, Jr., J.V, and Leder, P.: Intervening sequence
of DNA identified in the structural portion of a mouse B-globin
gene. Proc. Natl. Acad. Sci. 75: 725-729, 1978.
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The purpose of this study, now in its sixth year, is the analysis of

the instruments and controls of adenovirus gene expression in lytically

infected or in transformed cell cultures . Topics currently under investi-

gation include: (A) Mapping of nuclear and cytoplasmic early viral RNA

by electron microscopy . (B) Processing of early viral RNA.
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Project Description :

Objectives : Our group studies the instruments and controls of viral gene
expression in cultured animal cells.

Methods Employed : Standard biochemical techniques have been refined for
the purpose of preparing highly purified nucleic acids to be used for
visualization in the electron microscope.

Major Findings : The expression of individual early viral genes is non-
contiguous. Highlights of last year's work was the detection, announced
independently and simultaneously by three adenovirus laboratories,
including our own, that viral mRNAs are pieced together from transcripts
of non-contiguous sequences of the template DNA. This phenomenon, now
commonly called "RNA splicing", was demonstrated by visualizing the mRNA
hybridized to template DNA. Electron micrographs show an RNA/DNA duplex
contour interrupted at specific sites by single stranded DNA loops of
unique size. Experiments in ours as well as in other laboratories suggest
that genes are transcribed in their entirety in the nucleus of the cell,
and that a subsequent processing step removes internal RNA sequences that
are complimentary to the intervening DNA loops observed in the electron
microscope. Following its detection in the adenovirus system, the
phenomenon of "RNA splicing" has been observed in many different eukaryotic
systems, and has fundamentally reshaped current thoughts about instruments
and controls of eukaryotic gene expression. Our group has studied the early
gene blocks of adenovirus. We find continuous transcripts of all four
early gene blocks in the nucleus of the cell. The messenger RNA's, extracted
from cytoplasmic polysomes, are all pieced together from non-continguous
sequences of early genes. These findings are indeed consistent with the
idea that RNA splicing takes place during messenger RNA maturation.

Significance to Biomedical Research and the Program of the Institute : Our
studies are designed to contribute to an understanding of the molecular
events which accompany cell infection by a virus that is known as a human
pathogen in childhood diseases, as well as a tumor virus in rodents. As
shown above, our experiments offer insights into basic mechanisms of genetic
control and regulation in eukaryotic cells.

Proposed Course of the Project : (a) Experiments are currently underway in
our group to prove that splicing is an obligatory step of adenovirus
messenger RNA maturation, [b) In collaboration with researchers at the
Salk Institute (San Diego), we will study the structure and composition
of adeno-SV40 mosaic RNAs expressed by the nondefective hybrid virus Ad2+ND4.
(c) Processing of viral RNA of the RNA containing vesicular stomatitis
virus is the subject of a collaboration with the group of Dr. A. Lazzarini
at the NIH. Cdl Dr. H. Gerry from the laboratory of Dr. A. Lewis, Jr., at
the NIH, is presently working in our group. He is examining the expres-
sion of viral genes in hamster cells transformed by adenovirus, (e) Dr. A.
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Grassmann from the Institute of Molecular Biology, University of

West Berlin, has introduced us to the technique of cell microinjection.
We expect to use this technique as a corollary to our biochemical and
microscopic methods in the elucidation of adenovirus gene expression.

Publications : (

1. Westphal , H. and Lai, S.P.: Quantitative electron microscopy of early
adenovirus RNA. J. Mol . Biol. 116 : 525-548, 1977.

2. Westphal, H. and Lai, S.P.: Displacement loops in adenovirus DNA-RNA
hybrids. Cold Spring Harbor Symp. 42: 555-558, 1977.

3. Kitchingman, G., Lai, S.P., and Westphal, H,: Loop structures in

hybrids of early RNA and the separated strands of adenovirus DNA.
Proc. Natl. Acad. Sci. 74: 4392-4395, 1977.

4. Peterlin, B.M., Sullivan, M. , Westphal, H., and Maizel , Jr., J.V.:
Secondary structure map of psoralen-crossl inked adenovirus DNA
studied by electron microscopy. Virology 86: 391-397, 1978.
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The purpose of this work is to further our understanding of gene
expression during development and disease . The 6-crystallin gene system of
^^^ embryonic chick lens is used as a model. This fiscal year we have shown
that 5-crystallin is composed of at least three subunits with similar amino
acidsequences; that translation of S-crystallin mRNA in vitro gives all 3
subnits, the rate of synthesis of the subunits is regulated by Na^ and K"*";

alteration in the rate of synthesis of the subunits is reflected in a cor-
responding alteration in the combinations of subunits which assemble into
native proteins; alteration in the ratio of synthesis of the 6-crystallin
polypeptides does not cause lens opacification

, but the development of
vacuoles does in cultured embryonic chick lenses; the Na+-K+ regulation
of crystal

1 in synthesis operates during cataractogenesis in the Nakano mouse ,

which has a hereditary cataract; that S-crystallin genes are not present in
fish, amphibians and mammals, but are present in birds and reptiles; and that
6-crystallin DNA sequences are located on at least four fragments of the
EcoRl digested chick genome. ^69
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Project Description :

Objectives : To describe the normal sequence of events at the molecular level

of 5-crystallin gene expression during differentiation of embryonic chick
lens cells, and to understand the regulation of protein metabolism in

clear and cataractouse lens cells.

Methods Employed : Conventional techniques of nucleic acid and protein bio-

chemistry are applied.

Major Findings : d-Crystallin is composed of at least three different subunits
with very similar amino acid sequences. One subunit has an additional N-ter-

minal, methionine-containing tryptic peptide; the other two subunits appear
to differ by approximately 20 amino acids in an internal or C-terminal position

2) All three subunits are synthesized in a reticulocyte cell -system
primed with purified o-crystallin mRNA.

3) A change in the Na+ZK"*" ratio affects the ratio of synthesis of the

subunits in the cultured lens treated with ouabain and in a cell-free system.

4) Alteration of the ratio of synthesis of the 5-crystallin subunits

leads to correspondingly altered combinations of subunits associated to form

the native protein. This provides an example by which changes in the rati^
of synthesis of polypeptides may affect protein structure.

"

5) Culture of the embryonic chick lens without the vitreous body causes

opacification due to the development of intra- and intercellular vacuoles.
The ratio of synthesis of the 5-crystallin subunits is also altered in the

vitreous-free lenses, due to changes in the intracellulr concentrations of

Na+ and K"*", but this does not appear to contribute to the loss of lens

clarity.

5) An increase in the Na /K ratio causes differential inhibition of

crystallin synthesis, preferential proteolysis of ct- and 3-crystal 1 ins and

leakage of S- and y-crystal lins during cataractogenesis in the riakano mouse.

This work has led to a ouabain model for changes in protein metabolism
during the development of hydration cataracts.

71 5-Crystallin genes are not present in fish (salmon), amphibians

Cfrog and newt] and mammals Cbovine and mouse), but are present in birds

[chicken, quail, turkey, duck and mallard) and reptiles Cpython, Gekko and^
Caimen). The o-crystallin subunit molecular weights are similar in the

birds and reptiles examined but show differences in peptides and isoelectric

points.

8) 5-Crystallin sequences are distributed among at least four fragments

of chick DNA digested with Eco Rl restriction endonucl ease . Progress is

being made in cloning and characterizing these fragments.
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Significance to Biomedical Research and the Program of the Institute :

These studies contribute to our knowledge of the mechanisms of cellular
differentiation and disease, especially v/lth regard to the mechanisms of
specific protein synthesis in developing and cataractous lenses. In

addition the detailed analysis of the lens crystallins will ultimately
further our understanding of lens clarity and the loss of clarity, as occurs
in cataracts.

Proposed Course of Project : The differences among the S-crystal 1 In subunits
will be analyzed further; the Na^-K"*" regulation of 5-crystall1n synthesis
in the cell-free system will be investigated in detail by examination of
peptides, nucleotide sequences and mRMA translation under differential experi-
mental conditions; 5-crystall1n gene fragments and cDNA will be cloned and
characterized with respect to organization and base sequence; the development
of Na+-K+ ATPase will be examined in the embryonic chick lens; s-crystallin
gene expression during chick lens maturation will be explored; and duck
6-crystall1n and its mRNA will be examined and compared with that of the
chick.

Publ Ications :

1. Piatigorsky, J. and Shinohara, T.: Lens cataract formation and
reversible alteration in crystallin synthesis in cultured lens.
Science 196: 1345-1347, 1977.

2. Reszelback, R., Shinohara, T. , and Piatigorsky, J.: Resolution of two
distinct embryonic chick o-crystallin bands by polyacryl amide gel

electrophoresis in the presence of sodium dodecyl sulfate and urea.
Exp. Eye Res. 25: 583-593, 1977.

3. Shinohara, T., and Piatigorsky, J.: Regulation of protein synthesis,
intracellular electrolytes and cataract formation in vitro . Nature
270: 406-411 , 1977.

4. Shinohara, T., Robison, Jr., W.G., and Piatigorsky, J.: 5-Crystallin
synthesis and vacuole formation during Induced opacification of
cultured embryonic chick lens. Invest. Opathalmol . 17: 515-522, 1978.

5. Piatigorsky, J., Fukui , H.N., and Kinoshita, J.N.: Differential
metabolism and leakage of protein in an inherited cataract and a

normal lens cultured with ouabain. Nature 274: 558-562.

6. Piatigorsky, J.: Differences in Isoelectric points and subunit
compositions of d-crystal 1 ins synthesized in lenses cultured with
and without vitreous bodies. Exp. Eye Res. , in press.
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SUMMARY OF WORK (200 words or less - underline keywords)

Experiments are directed toward understanding processes by which regula-

tion of the iumune system is controlled at the cellular level. The integrat-

ed roles of regulatory cells such as thymus-derived helper and suppressor

T-cells , bone-marrow derived antibody-forming B-cells and accessory macro-

phages are being delineated. Specficially, we are seeking an understanding
|

of the relationship of suppressor and helper cells and their modes of regu-

lating anbi body-forming B-cells. We have demonstrated that a streptococcal

exotoxin (SPE) inhibits preferentially an activity which has been ascribed to

suppressor cells. SPE is therefore potentially a useful probe for the study

of suppressor cells. Subpopulations of immunocytes fractionated from T-cell

sufficient +/nu donor mice are treated appropriately with SPE or other mito-

gens in vitro . The cells are then tested for their capacity to complement

the antibody responses of T-cell deficient nude fnu/nu) mice or their spleen (

lymphocytes (B-cells) in vitro . This study involving SPE may also derive

relevant information about the sequelae of acute streptococcal disease, as

well as fundamental information on the cellular biology of the immune system.
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Project Description :

Objectives : To understand the processes by which regulation of the immune

system is controlled at the cellular level. Specifically, we seek to

understand the mechanisms by which thymus-derived T-cells regulate antibody

formation and secretion by interaction with bone marrow derived precursor

cells (B-cells) of antibody-forming cells. We seek to understand the rela-

tionship between helper T-cells which augment the B-cell response and

suppressor T-cells which curtail the B-cell response. We seek also to

understand the accessory role of macrophages in the activities of both cell

types. It remains unclear whether helper cells and suppressor cells are

distinct cell types or the same cells expressing different phenotypes in

the response to different stimuli. Accordingly, we seek to understand the

biological and molecular mechanisms of interaction between either T-cell

and the B-cell. We wish to discern the nature of the intracellular site or

structures on which SPE appears to localize after it is adsorbed to the

membranes of T-cells. The molecular nature of the membrane receptor for SPE

which appears now to be present on all cells of the immune system remains to

be elucidated.

Methods Employed : Major advantage is taken of our ability to perform
cellular reconstruction (complementation) experiments in vitro . This
procedure involves the use of nude mouse B-cells and macrophages to which
we can add selectively, variously isolated and treated T-cells from immuno-
competent +/nu littermate donor mice. We can subsequently test whether
complete antibody responsiveness is conferred upon B-cells from the nude

mice. Similarly, macrophages may be separated from nude cell populations,
which are uncontaminated with T-cells, treated as required added back or

withheld from the system in order to test macrophage functions. Immunofluor-
escence 1s the method used to discover and follow the location of SPE on

and within cells to which it adsorbs. General and routine methodology has

been detailed in previous reports.

Major Findings : Our studies have demonstrated that the target cell affected

by SPE that deregulates an antibody response is a T-cell. Previous
data have Indicated that the suppressor class of T-cell is the particular
subpopulation uniquely affected by SPE. However, delay of the function of

helper T-cells could also give a response similar to one generated by

inactivation of suppressor T-cells. ^ery recent results continue to favor
the hypothesis that SPE inactivates or modulates the function of a unique
class of T-cell. T-cells have been fractionated on solid-phase (nylon wool)
columns into two populations, pool 1 and pool 2. SPE treatment of pool 2 cells
leads to the generation of the SPE effect which has been termed a deregulated
response. Treatment of pool 1 cells results in an early and transient sup-
pression of the iimiune system. Pool 1 cells were observed to be Lyl"*" cells

whereas pool 2 cells were observed to be largely Ly2+ as determined by im-

munofluorescence. Similar fractionations of T-cells from the spleens
of mice primed with immunogen-carrier (e.g. RE for TNP-RE) results in cells
of pool 1 becoming refractory to suppression by SPE. Pool 2 cells from
similarly primed spleens continue to generate the SPE effect. Experiments

473



^ ZOl HD 00073-07 LMG ^
so far do not allow us to rule out transitional shifts of T-cells between
pools 1 and 2, moreover some experiments point in this direction.

Experiments designed to discover an SPE-specific receptor on a unique
class of T-cells indicates that SPE binds to all cells of the immune system,
albeit, with different distribution properties. Macrophages imbibe SPE;
B- lymphocytes bind SPE as large patches at their membranes. These are polar^
ized, "capped" rapidly (depending on the molecular nature of SPE) and appear
to be shed by B-lymphocytes. Less purified SPE, which appears to be a more
native molecule appears to be much more avid toward inducing this capping
phenomenon on B-lymphocytes. T-lymphocytes bind SPE in a diffuse pattern
and do not readily cap SPE. Instead SPE appears to progress from a diffuse
localization to intracellular sites within T-cells.

Significance to Biomedical Research and the Program of the Institute :

Understanding the natural mechanism of the regulated expressions of the
immune system may reveal pathways by which defective immuns systems may be
corrected. The potential ability to deregulate and to re-organize individual
immune systems is highly relevant to cures for certain diseases. SPE is

known to be a metabolite of only the pathogenic Group A streptococci. Our
demonstration that SPE can deregulate immune systems may be relevant to an

understanding of the mechanism of certain autoimmune sequelae of acute
streptococcal infections. Furthermore, results of our study should comple-
ment scientific thought on cellular control mechanisms in general. ^
Proposed Course of Project : The possibility of testing whether PG may render
a synergistic effect by binding to B-cells or macrophages is underway. We
are testing whether the mitogenic effect of SPE is direct or indirect, i.e.,
are the cells which proliferate B-cells which have been relieved of suppres-
sor regulation or is the mitogenic effect generated directly at the B-cell
level? We will test the effect of PG as well, since we believe that SPE
which is secreted by streptococci and PG which is a structural component of
the membranes of streptococci may be natively bound or interculated.
w

We are directing other experiments toward the problem of distinguishing
between [1 ) passive acquisition of T-cells vs. (2) activation of T-cell pre-

cursors in our nude mice.

We are devoting some effort towards new methodology which should allow
us to more closely follow the cellular regulatory pathways of the immune
system. Our attention is drawn toward establishing immunocyte hybrid cells
employing the recent technique of fusing primary immunocytes with myeloma
cells to establish continuous proliferation of a primary immunocyte of

interest. We are particularly interested in establishing hybrid of T-cell -

macrophage and T-cel 1-B-cel 1 hybrids in order to question the nature of the

required interactions of these classes of cells.
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Our objective is to define in genetic and molecular terms the mechanisms
which regulate the expression of genetic information during cell growth and
development. For this purpose, we are investigating two model systems which
serve as analogs for erythrodi fferentiation and immunodi fferentiation . This
work has led to the development of techniques for gene isolation and a suc-
cessful vector system and strategy for cloning virtually any detectable mam-
malian gene using recombinant DNA technology . Initial experiments led to the
cloning of several mouse globin and immunoglobulin genes and to the demonstra-
tion that structural eukaryotic genes were encoded in discontinuous blocks
interrupted by intervening sequences of DNA. It was further demonstrated that
these intervening sequences were transcribed into an mRNA precursor from
which they must be edited for translation. Examination of the immunoglobulin
cloned genes led to the proposal of a recombination model for the generation
of antibody diversity.
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Project Description :

Objectives : Our objective is to understand, in molecular terms, the mechan-

isms which regulate the flow and exchange of genetic information during

cell growth and development. We use two model systems, one involving the

process of erythrodi fferentiation , the other, immunodi fferentiation.
Specificially we ask how genetic elements corresponding to globin and immu4 •

globulin are organized in the genome, how they arise during evolution, what
elements in the genome and what gene products regulate their expression and

how this regulation and organization are relevant to other elements in the

genome of higher organisms.

Methods Employed : These investigations have, naturally, involved an inter-
disciplinary approach. In addition to the usual techniques of cell growth
and culture and the biochemistry of nucleic acids and proteins, special atten-

tion has been given to the development of recombinant DNA techniques. This in-

volves the construction, preparation and use of a special biological contain-
ment facility called a P3 facility as well as specific techniques newly de-

veloped for the manipulation of recombinant DNA molecules and their detection.

Major Findings :

1. These investigations have led to the development of a successful strategy
and vector system for the cloning of virtually any detectable mammalian
gene.

"

2. Using this system, several mouse globin and immunoglobulin genes have
been cloned and characterized.

3. The globin genes were unexpectedly discovered to be encoded in the dis-

continuous blocks of coding DNA separated by two intervening sequences.
The entire gene, including the intervening sequences, were shown to

be transcribed into the large globin mRNA precursor from which they

must be removed. The work thus defined a new set of reactions through

which genetic information must flow.

4. Characterization of several cloned immunoglobulin genes indicated that

many immunoglobulin variable region genes are separately encoded in the

germ line genome. A further comparison of their structures led to the

postulation of a recombinational model to account for antibody diversity
in germ line and somatic cells. ^

Significance to Biomedical Research and the Program of the Institute :

These studies are directed towards understanding fundamental processes
involved in the expression of genetic information. They are, thus, obviously
relevant to achieving an understanding of a variety of inherited disorders
that afflict man. By inherited disorders we refer not only to clearly

identifiable conditions which involve mutations at a single genetic site,

but also polygenic disorders such as diabetes, hypertension and suscepti- ^
bility to oncogenic disease. For example, our studies in the past have leP
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to techniques which have permitted a far more detailed understanding of the
inherited anemia, thalassemia. Current studies involving gene cloning are
obviously relevant to the possible production of valuable pharmacologic
reagents as well as the diagnosis of certain inherited diseases such as thal-
assemia and sickle cell anemia.

Proposed Course of Research : Efforts over the next year will be directed
further towards the understanding of the organization of globin and immuno-
globulin genes. Specifically we will determine the detailed primary structure
of the cloned globin genes. We will complete the cloning of the mouse a
globin genes and characterize them in order to understand the evolutionary
relationship of the ct and g genes and the signals that control their joint
expression. We shall isolate the primary gene transcript and attempt to
identify those enzymes involved in its processing and the elimination of its
intervening sequences. We shall also continue to clone immunoglobulin genes
with particular reference to those constant region segments adjacent to vari-
able region genes.

Publ ications :

1. Polsky, F., Edgell, M,, Seidman, J., and Leder, P.: High capacity of
electrophoresis for purification of fragments of genomic DNA. Anal .

Biochem . 87: 397-410, 1978.

2. Tilghman, S., Tiemeier, D., Polsky, F., Edgell, M., Seidman, J.,
Leder, P., Enquist, L., Norman, B., and Leder, A.: Cloning specific
segments of the mammalian genome: Bacteriophage A containing mouse
globin and surrounding gene sequences. Proc. Nat. Acad. Sci

.

74:
4406,1977.

3. Leder, P., Tilghman, S., Tiemeier, D. , Polsky, F., Seidman, J.,
Edgell, M. , Enquist, L., Leder, A., and Norman, B.: The cloning of
mouse globin and surrounding gene sequences in bacteriophage ,\.

Cold Spring Harbor Symp . 42: 915-920, 1977.

4. Tilghman, S., Tiemeier, D., Seidman, J., Peterlin, B., Sullivan,
M., Maize! , J. and Leder, P.: An intervening sequence of DNA identified
in the structural portion of a mouse 3-globin gene. Proc. Nat. Acad. Sci

.

75: 725-729, 1978.

5. Tilghman, S., Curtis, P., Tiemeier, D., Leder, P. and Weissmann, C:
The intervening sequence of a mouse 6-globin gene is transcribed within
the 15S 3-globin mRNA precursor. Proc. Nat. Acad. Sci

.

75: 1309-1313,
1978.

6. Seidman, J., Edgell, M., and Leder, P.: Immunoglobulin light-chain
structural gene sequences cloned in a bacterial plasmid. Nature 271 :

582-585, 1977
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7. Tiemeier, D.C., Tilghman, S.M., Polsky, F.I., Seidman, J.G., Leder, A.,

Edgell, M.H., and Leder, P.: A comparison of two cloned mouse 3-globin

genes and their surrounding and intervening sequences. Cell 14 :

237-245, 1978.

8. Seidman, J.G., Leder, A., Edgell, M.H., Polsky, F., Tilghman, S.M., %
Tiemeier, D.C. and Leder, P.: Cloning and characterization of two

closely related mouse immunoglobulin kappa chain variable region genes.

Proc. Nat. Acad. Sci . 75_: 3881-3885, 1978.

9. Seidman, J.G., Leder, A., Nau, M. , Norman, B., and Leder, P.: The

molecular basis of antibody diversity: A mechanism derived from the

structure of cloned antibody genes. Science , in press.

10. Miller, H.I., Konkel , D. , and Leder, P.: The large intervening sequence
of the mouse g'^^JO'^-globin gene shares homology only with 3-globin

genes. Nature , in press.
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NICHD Annual Report

October 1, 1977 through September 30, 1978

Social and Behavioral Sciences Branch

Summary of Research Activities

Research in the Social and Behavioral Sciences Branch continues to focus on

the early years of development, with particular emphasis on differentiation
of the early environment and analysis of the cognitive-motivational dimen-

sions of early behavior. During the past year there has been a concentration
of activity on analysis of data and preparation of reports of completed studies.

At the same time, pilot testing for several new studies has been underway.
Some of our earlier studies were primarily methodological; they were con-

cerned with the development and refinement of techniques for investigating
questions for which objective and replicable data have been difficult to

obtain. New studies underway build on the methodological underpinnings of

these earlier studies. Data collection was started and is continuing on a

study concerned with the impact of childbirth on the emerging parent-child
relationship. In conjunction with the latter investigation, a film was made

with the cooperation of the Audiovisual Section of the Division of Adminis-
trative Services. This film, directed primarily to researchers, describes in

detail the procedures for observation of the labor room environment and the

behavior of women and their husbands prior to delivery of the infant.

Increasingly, perinatal events and experiences are being seen as having a

significant impact on the subsequent development of the child and on family

relationships. In the childbirth study, special attention is being directed

to understanding the interaction of the physical and psychological aspects of

the birth process and the impact of specific social and medical factors on

psychological development. This question has been investigated previously
only through retrospective recall. The study on childbirth focusing on the

critical events and experiences immediately prior to delivery has several

objectives. One purpose is to compare data obtained postpartum from both

the mother and father with data obtained through direct observation by an

impartial observer. The husband's and the wife's individual perceptions of

the childbirth experience and their views of the infant's characteristics
are being obtained independently. Early analysis show significant differences
between mothers and fathers in their perceptions of the infant. Fathers as

compared to mothers see infants as more interactive, more highly developed
motorically and better able to maintain organization in response to stress.

Examiners, as compared to parents, on the other hand, see infants as more
motorically mature and better organized physiologically than either parent.

As our measurement techniques and study designs have become more sensitive,
we are finding that neonates are aware of and responsive to more complex
stimuli than we had previously assumed. A study to investigate imitative
competence during the first three days of life is underway. Until some
recent findings that suggested that infants have such competencies, it was
assumed that they lacked the perceptual -cognitive capacity to enable them to

match a modeled facial gesture. This study will enhance our knowledge of

neonatal functioning and may provide measures to evaluate neonatal status.
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The study of family interaction has concentrated on developing methods for ^
investigating a three-person system--the mother, father and infant--and their
mutual influences on each other. Our former models of early environmental
influences focused on the mother-infant interaction. Now that we recognize
that both parents have distinctive as well as similar influences on infant
development, our problems of measurement have become more complicated.
Methods were developed to observe the mother alone with the infant, the father
alone with the infant, and the mother-father and infant in interaction. These
techniques are being used in two studies which have broad social relevance. %
One is concerned with the effects of Caesarean birth on the early parent-infant
relationship as well as its later significance for parents and children. The
other will compare mother's and father's relationship with infants in families
differing in regard to the mother's caregiving. In one set of families the
mother is the full-time caregiver; in the second, the mother plans to return
to work by the time the infant is three months old; the third comparison group
will be one in which the mother plans to work by the time the infant is 12
months of age. This study is especially interested in how the father-infant
relationship is affected by the mother's employment and whether the mother's
being employed by the time the infant is three months of age will have dif-
ferent consequences for the parent-infant relationship than the mother's
employment at a later age.

Another study is attempting to identify factors in infancy which are predictive
of later socio-emotional development. In this followup investigation at three
to four years of age of children who were first studied when they were one
year, several aspects of the mother-infant interaction were found to be pre- |k
dictive. Preferential response for the mother at one year and ability of the
infant to elicit the mother's attention were found to be significantly related
to the child's adjustment to nursery school. Children who showed greater pre-
ference for the mother and who were more adept at eliciting the mother's
attention participated more in classroom activities and were more observant
of classroom rules. On the other hand, the child's developmental quotient at

one year of age was not predictive of nursery school adjustment. The fact
that the developmental quotient in infancy was not related to later adjustment
points up the special significance of the mother-infant relationship.

During the past several years we have been working on methods for studying
mastery motivation in infancy. Procedures have been developed to measure the
young infant's motivation to control his environment as indicated by his per-
sistence in working on problem-solving tasks, attempts to elicit feedback from
objects and his efforts to master emerging skills. Individual differences in
these characteristics emerge early in infancy. These characteristics probably
play a significant role in cognitive development, yet their origins are not ^
yet well understood. We have pretested techniques and have developed cate- W
gories to code the behaviors that are elicited by these techniques. We have
also pretested a system for observing parent-infant interaction in the home.
This observational system enables analysis of sequences of interaction be-
tween parents and infants, preserving the reciprocal nature of interaction.
This research has important implications for theoretical issues concerned
with the interplay between cognition and motivation, and for intervention
programs in lower socioeconomic families ^
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In a followup study of mastery motivation, we were interested in determining
whether there is any continuity in mastery motivation or predictable trans-
formations in these behaviors between 12 months and 3h years. Data analyses
in progress suggest that there are some consistencies. For example, child-
ren who persisted on difficult tasks at one year are likely to spend more
time on challenging tasks at 3H years. Of some theoretical importance is

the relation between mastery motivation at one year and intellectual per-
formance at 3h years. For girls, mastery motivation at one year is predictive
of nonverbal intelligence at 3^2 years; for boys, there is no relationship.

Very little research has been done on the relation between social cognition
in young children and their social behavior. In a study of preschool child-
ren which attempted to measure the child's ability to take another person's
point of view, we found no relations between this ability and the child's
behavior in accommodating to input from another child. These findings sug-

gest that our measures of egocentrism reflect abstract reasoning ability that
apparently does not influence e'very day behavior with a peer.

A collaborative project has been initiated with the National Institute of

Neurological and Communicative Disorders and Stroke. The aim of this pro-

ject is to explore the usefulness of cross-cultural films from existing film
archives for comparing caregiver-infant interaction in different cultures
such as in Bali, the Solomon Islands, Canella Indians of Brazil and middle
class American caregivers and infants. Most of our theories about infant-
caregiver relationships have been based on data obtained in Western cultures.
This study should broaden our base of data on caregiver-infant interactions,
enabling us to test our theories in cultures with different child-rearing
practices.
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Professional Activities of Staff: r
Dr. Robert Klein was an ad hoc editorial consultant for the journal. Develop -

mental Psychology . He participated in a contract review panel for the Office
of Child Development and has continued to provide consultation to the
Hamilton Children's Center of Prince George's county, a division of the
Community Mental Health Center. He delivered a paper, "Prediction of pre-
school social behavior from socio-emotional development at one year" at the
annual meeting of the Eastern Psychological Association. Mt^

Dr. Kay Standley continues to serve on the Board of Convention Affairs of the
American Psychological Association and continues as a member of the American
Psychological Association Task Force on Continuing Education. She was Co-Chair
of a conference on childbirth held in conjunction with themeetings of the Inter-
national Conference on Infant Studies. She Chaired a midwinter meeting of the
American Psychological Association Division on Psychotherapy on "Psychotherapy:
Theory, research and practice." She gave an invited presentation at the
National Conference of the American Society for Psychoprophylaxis in
Obstetrics in Denver, Colorado. With Ms. Joanne Nicholson, Dr. Standley led
a series of seminars on research methods in child development for the Mater-
nal and Child Health Program of the Graduate School of Nursing, Catholic
University. She presented a paper on a symposium organized by the Division
of Adulthood and Aging of the American Psychological Association entitled,
"Parenthood: Coping with a critical psychophysiological life event." In

collaboration with Dr. Barbara Anderson and Ms. Joanne Nicholson she developed
a training film on methods of naturalistic observation of the childbirth ^,
environment. •

Ms. Joanne Nicholson presented a paper on a symposium at the annual meetings
of the American Psychological Association on "A model of the perinatal re-
source complex: Implications of research and methodology."

Dr. Martha Zaslow was invited to the meeting of the Society for Cross-cultural
Research in New Haven. At this meeting she presented two papers: "A frame-
work for considering cross-cultural differences in children's peer inter-
actions" and "The emergence of peer relationships in kibbutz toddler groups."
At the International Conference on Infant Studies in Providence she presented
a paper, "The infant's appraisal of behavioral components in the encounter
with a stranger."

Dr. Frank Pedersen has continued to be an ad hoc editorial consultant for
Child Development , Developmental Psychology and for the Psychological Bulletin .

He continues to offer consultation to the Special Programs Branch of the
National Heart, Lung and Blood Institute on a study of the neonatal distress i^
syndrome. He was Chair of a debate-discussion on "Infant's responses to
unfamiliar persons" at the biennial meetings of the International Conference
on Infant Studies. At this same meeting he participated in a workshop on
infant temperament. Dr. Pedersen was invited to present a paper, "Conceptual-
ization of father influences in the infancy period" at a conference on the
"Social Network of the Developing Child" sponsored by the Educational Testing
Service of Princeton, N.J. At a meeting of the American Society for Psycho-
prophylaxis in Obstetrics in Washington, D.C. he presented a paper, "Some ^
research findings on fathers reactions to complications of pregnancy and delivery.
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Dr. Peter Vi'etze v;as an ad hoc editorial consultant for Child Development ,

Developmental Psychology and the Journal of Community Psychology . He was a

consultant on research grant applications for the Bureau for the Education
of the Handicapped, United States Office of Education, and the Canada Council.
He was invited to present papers at several conferences: Conference on

Prevention of Retardation is Psychosocial ly Disadvantaged Children in

Madison, Wisconsin, a conference on prediction of child abuse, and a Con-
ference on Parent-infant Attachment of the Association for the Care of Child-
ren in Hospitals. He presented a paper, "Effects of rooming-in and parity
on maternal attachment behavior" on a symposium at the annual meetings of

the American Psychological Association. He was co-author of a paper,
"Patterns of attachment behavior in children 13 and 32 months old" presented
by Dr. Bette Marcus at the Southeastern Conference on Human Development. He

was co-author of two papers presented at the meetings of the Society for
Pediatric Research. He is serving on the committee of several doctoral can-

didates at Peabody College.

Dr. Leon Yarrow has been elected for another three year term to the Board of

Trustees of the Easter Seal Research Foundation. He continues on the

Advisory Committee of the Clinical Infant Development Program of the National
Institute of Mental Health. He has been a consultant on research grant
applications to the Canada Council, the National Science Foundation, the

W. T. Grant Foundation and the March of Dimes. He continues to serve on the
editorial boards of Infant Behavior and Development , the Monographs of the

Society for Research in Child Development and the Merrill Palmer Quarterly
Journal of Behavior and Development . He has also been an ad hoc editorial
consultant for Child Development , Human Development , Developmental Psychology
and the Journal of Child Psychology and Psychiatry . He has been a consultant
to Mediax Associates on the development of measures of social competence in

childhood. He presented an invited address on "Contemporary perspectives on

infant development" at Louisiana State University, Baton Rouge and was an

invited discussant at a conference on "The developmental interaction point
of view" at Wheelock College in Boston. He was Co-chairman of a conference
on "The impact of childbirth events on infants and their families" in

Providence, Rhode Island and chaired a symposium, "Concepts, measures and
research on maternal attachment to the infant" at the annual meetings of the
American Psychological Association.
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Publications Not Dire&tly Related to any Specific Project: ^h'.

Altemeier, W. A., Vietze, P. M. , Sherrod, K. A., Sandler, H. M. , and
O'Connor, S. M. Prospective study of factors predisposing to non-organic
failure-to-thrive. Pediatric Research , 1978, 12, 367.

Anderson, B. J., Vietze, P. M. and Dokecki, P. R. Reciprocity in Vocal
interactions of mothers and infants. Child Development , 1977, 48^, 1676-1681.

Anderson, B. J., Vietze, P., and Dokecki, P. R. Interpersonal distance and
vocal behavior in the mother-infant dyad. Infant Behavior and Development ,

1978, In Press.

Anderson, B. J. , Vietze, P. M. , Faulstich, G. , and Ashe, M. L. Observation
manual for assessment of behavior sequences between infant and mother: New-
born to 24 months. JSAS Catalog of Selected Documents in Psychology , 1978,
8, 31 (MS #1672).

Badger, E. , Burns, D. , Rhoads, B., Zwertschek, A., Elsass, S., Kazmaier, K.

,

and Vietze, P. Maternal social risk factors as predictors of competence
in early childhood. Pediatric Research , 1978, 12^, 368,

Durfee, J. T. , Klein, R. P., Fivel, M. W. , Bennett, C. A., Morgan, G. A.,
and Blehar, M. C. Infant social behavior manual. JSAS Catalog of Selected
Documents in Psychologv , 1977, 7, 38 (MS #1467).

Harmon, R. J. , Morgan, G. A. , and Klein, R. P. Determinants of normal vari-^
ation in infants' negative reactions to unfamiliar adults. Journal of Child
Psychiatry , 1977, 16, 670-683.

Klein, R. P. Multivariate comparison of two model preschool programs.
Psychological Reports , 1977, 40_, 962.

Klein, R. P. and Durfee, J. T. Effects of sex and birth order on infant
social behavior. Infant Behavior and Development , 1978, 1, 106-117.

Klein, R. P. and Durfee, J. T. Effects of stress on attachment behavior.
Journal of Genetic Psychology , 1978, 132 , 321-322.

McLaughlin, J., Sandler, H. M. , Sherrod, K. , Vietze, P., and O'Connor, S. M.

Social-psychological characteristics of adolescent mothers and behavioral
characteristics of their first-born infants. Population , 1978, In Press.

Pedersen, F. A. , Yarrow, L. J. , Anderson, B. J. , and Cain, R. L. Concept- ^
ualization of father influences in the infancy period. In M. Lewis &

L. Rosenblum (Eds.), The Social Network of the Developing Infant . New York,
N.Y.: Plenum Press, 1978, In Press.

Rand, C. S. W. , and Jennings, K. D. Reactions of infants and young children
to a stranger in an unfamiliar setting. The Journal of Genetic Psychology ,

1978, m_, 197-209.
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Rubenstein, J. L. , Pedersen, F. A., and Yarrow, L. J. l-Jhat happens when
mother is awa^/: A comparison of mothers and substitute caregivers. Develop -

mental Psychology , 1977, 13(5) , 529-530.

Sherrod, K. , Vietze, P., and Friedman, S. Infancy. Monterey, Ca. : Brooks/
Cole, 1978.

Standley, K. , Soule, A. B. , Copans, S. A., and Klein, R. P. Multi-dimensional
sources of infant temperament. Genetic Psychology Monographs , 1978, In Press.

Vietze, P. M. , Abernathy, S. R. , Ashe, M. L. , and Faulstich, G. Contingent
interaction between mothers and their developmentally delayed infants. In

G. P. Sackett (Eds.), Observing Behavior , Volume 1. Baltimore, Md.

:

University Park Press, 1978.

Yarros, L. J. Review of "Temperament and Development" by Alexander Thomas

and Stella Chess. American Journal of Orthopsychiatry , 1978, 359-360.

Yarrow, L. J., and Anderson, B. J. Procedures for studying parent-infant
interaction: A critique. In E. Thoman (Ed.), Origins of Social Responsive-

ness . Hillsdale, N.J.: Lawrence Erlbaum Associates, 1978, In Press.

Yarrow, L. J., Pedersen, F. A., and Rubenstein, J. Mother-infant interaction
and development in infancy. In P . H. Leiderman, S. R. Tulkin and

A Rosenfeld (Eds.), Culture and Infancy: Variations in the Human Experience .

New York, N.Y.: Academic Press, Inc., 1977.

Papers Presented at Professional Meetings:

Klein, R. P., and Suwalsky, J. T. D. Prediction of preschool social be-
havior from socio-emotional development at one year. Presented at meeting of

Eastern Psychological Association, March, 1978.

Marcus, B. , Ruttle, K. , Vietze, P. M. , and IVhite, N. B. Patterns of attach-
ment behavior in children 13 and 32 months old. Paper presented at the

Southeastern Conference on Human Development, Atlanta, Ga. , April, 1978.

Pedersen, F. A. Infant temperament: How shall we define the concept,
measure it, and apply it in practice. Participant in workshop and presented
at the International Conference on Infant Studies, Providence, R. I., March,
1978.

Pedersen, F. A. Moderator of Discussion/Debate: The contributions of

social dimensions and interactional variables to the infant's appraisal of

strangers. International Conference on Infant Studies, Providence, R.I.,

March, 1978.

Vietze, P. M. , O'Connor, S. M. , Hopkins, J. B. , and Altemeier, W. A. The
effect of extended contact on mothering disorders: A controlled study of

500 families. Presented at Conference on Parent to Infant Attachment,
Cleveland, Oh., November, 1977.
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Zaslow, M. The emergence of peer relationships in kibbutz toddler groups. ^
Paper presented at the meeting of the Society for Cross-Cultural Research,
New Haven, Ct., Februar:/, 1978.

Zaslow, M. The infant's appraisal of behavioral components in the encounter
with a stranger. Paper presented at the International Conference on Infant
Studies, Providence, R. I., 1978.

Zaslow, M. , and Rogoff, B. A framework for considering cross-cultural dif-^
ferences in children's peer interactions. Paper presented at the meeting
of the Society for Cross-Cultural Research, New Haven, Ct., February, 1978.
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The objectives of this project are to obtain descriptive data on father-infant
interaction in natural settings and to analyze the father's influence on the
infant's social, cognitive and motivational development . With a sample of
first-born 5-month-old infants, assessments include observations of father-
infant, mother-infant and husband-wife interaction, a Q-sort technique to mea-
sure parental perceptions of infant temperament, parental interviews, and the
Bayley Scales of Infant Development. A major goal is to develop a conceptual
model for understanding the distinctive experiences provided by the father withT
in the nuclear family.
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Project Description:

Objectives : To obtain descriptive data on the father-infant relationship in

natural settings and to analyze the father's influence on the infant's social,
cognitive and motivational development. This study is attempting to identify
some of the distinctive experiences provided by fathers in the infancy period
and to ascertain his impact upon the mother's relationship with the infant.
A major goal is to develop a conceptual model for understanding parental ^.
influences in the context of the nuclear family.

Methods Employed : The sample for this project consists of 41 families with
a first-born 5-month-old infant (23 males and 18 females). Observational
procedures were developed to permit the description of father-infant, mother-
infant and husband-wife interaction in the same setting. Two observations
were made of mother-father-infant interaction and one of mother-infant, to

obtain background information regarding the pregnancy and delivery and to

assess the larger context of parent-infant involvement. In addition, each
parent's perceptions of the infant's temperament were obtained by a Q-sort
technique. The Bayley Scales of Infant Development were administered when
the infant was 6 months old. Clusters of infant cognitive, social and moti-
vational characteristics from a previous study were used as more dif-
ferentiated indexes of development.

Major Findings : Several data tabulations have been completed and statistical
analyses are proceeding. One of the major substantive outcomes of thi*
investigation is that it has provided data to support an important but de- ^
ceptively simple conceptual point: the contribution of the father to the in-

fant's early experiences must be understood in terms of the overall social
context in which each parent provides care for the baby. Investigators of

the father's role in infancy previously have focused on identifying global

behavioral differences between mothers and fathers without considering the

social setting in which their respective behaviors most frequently occur.

From time diaries kept by participants in this investigation, we established
that the most prevalent social setting in which mothers interact with the infant

is a two-person one, the mother and infant alone. For fathers, however, their

most characteristic interaction occurs in a three-person group which includes

the mother. When we examined observational data on rates of various
maternal and paternal behaviors independently of the size of the social group

in which they occur, there were relatively few differences between mothers
and fathers. Mothers, as contrasted with fathers, more frequently talked

to their babies, smiled and fed liquids. Many more measures showed that the

behavior of mothers and fathers were highly similar, including areas in which

there are prevalent stereotypic conceptions that differences exist. We foun^
for example, that fathers engaged in vocalizations with the infant which de-

part from conventional adult-to-adult structure as readily as did mothers.

This form of language has been called "motherese" and has been identified
among mothers in several different cultures, but our data indicated that it

occurred with equal frequency by fathers. Vigorous physical handling of the

infant, thought by some to be especially characteristic of fathers, was also
found as prevalent among mothers as it was with fathers.
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In contrast to the relatively few differences associated with parental gender,
there were many more behaviors which were sensitive to the size of the social
group in which they occurred. The amount of eye contact between parent and
infant, verbalizations and vocalizations directed to the infant, smiling,
instrumental physical contact, focused social play and encouragement of the
infant's attention toward inanimate objects were all more frequent in two-

person settings than in three-person groups. Moreover, these differences in

behavior rates for the two settings generally occurred for both mothers and
fathers. Thus, the differential experiences provided to infants
by fathers and mothers does not appear to be related to parental gender per

se, but rather is associated with the different social contexts in which each
parent characteristically spends time with the infant.

The diminution in interaction rates with the infant found in three-person
groups has previously been characterized as an "ecological reality." Our
data provide an explanation for this phenomienon in terms of observable family
processes. The reason there is a diminution in behavior directed toward the
infant is because spouse interaction also occurs in three-person family groups.
In fact, fifty-one percent of the 3-person observation intervals included
instances of spouse-to-spouse communication. On most measures we found signi-
ficantly higher rates of behavior directed toward the baby by both parents
during intervals in which the parents were not in active communication with
each other. Thus the differences in the baby's experiences observed in two-
and three-person groups were largely mediated by the spouse relationship. An

important implication of these findings is that knowledge about interactional
processes involving husband and wife contribute to our understanding of the

kind of stimulation parents are likely to provide the infant in 3-person
settings

.

Significance to Biomedical Research and the Program of the Institute: Most

of our knowledge of early parental behavior is limited to the mother-infant
dyad. The assumption that this is a closed system, relatively unaffected by
the father, and the early paternal behavior is of no consequence is giving

way to conceptual models which emphasize the family as the significant context

of early experience. This investigation is providing information which supports

the validity of an expanded view of the nature of environmental influences.

Proposed course of project : Additional data analyses and reports will be com-

pleted in the coming year. Several of the findings will be incorporated into

chapters in a book edited by Dr. Pedersen, which will include reports of other

observational studies of the father-infant relationship. It is expected that

this project will terminate in the coming year.

Publications :

Pedersen, F. A., Yarrow, L. J., Anderson, B. J., and Cain, R. L. Conceptuali-

zation of father influences in the infancy period. In M. Lewis and L.

Rosenblum (Eds.), The Social Network of the Developing Infant . New York:

Plenum, 1978, in press.
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The major objective of this study is to investigate the significance of early

mastery motivation for later motivational and intellectual development. This

is a follow-up investigation of children on whom measures of mastery motivation

were obtained at one year of age. We are interested in determining whether

mastery behaviors at one year are predictive of conceptually similar behavior^

in the early preschool years, at 3^2 years. We are also investigating the

relations between mastery behaviors at one year and cognitive development at

3%. In addition, we are interested in the role of early experiences in the

development of motivation to master and to have an effective impact on the

environment

.
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Project Description

Objectives : The major objective of this study is to investigate the signifi-

cance of early mastery motivation for later motivational and intellecutal

development. This is a follow-up investigation of children on whom measures

of mastery motivation were obtained at one year of age. We are interested in

determining whether mastery behaviors at one year are predictive of concep-

tually similar behaviors in the early preschool years, at 3% years. We are

also investigating the relations between mastery behaviors at one year and

cognitive development at 3%. In addition, we are interested in the role of

early experiences in the development of mastery motivation.

Methods Employed : The subjects are thirty-five 3% year old children from

middle class backgrounds. The performance of these children on a series of

mastery tasks had been studied previously when they were 12 months of age. In

the present study each child was given a series of task designed to assess

various aspects of mastery motivation at 3^1 years. One task assessed pre-

ference for challenging task by having the child choose a block tower to build

from models of four towers differing in height. Two tasks assessed persistence

at solving difficult problems: (a) putting together a difficult puzzle and

(b) selecting and using the proper tool to obtain a small Popeye toy from a

specially constructed plexiglass box. Another task attemtped to assess the

level of performance which the child sets for himself. In this test the child

was asked to "put Popeye back so we can play the next game." The child could

simply drop the toys on top of the box or try to put the toy all the way back

in the special box as it was. Exploratory behavior was assessed by allowing

the child to explore an intriguing box with several gadgets on its surface and

several compartments inside. A test of cognitive development, the McCarthy

Scales of Children's Abilities, was also given.

Major Findings : The data collection phase of the project is completed and

analysis of the data is nearing completion. The results thus far indicate

some consistency from 1 year to 3^2 years of age in one aspect of mastery

motivation. Children who persisted at difficult tasks at 1 year of age were

later likely to prefer a challenging task. In other areas of mastery moti-

vation assessed at 3% years, however, little consistency was found. Of greater

theoretical importance was the relationship of early mastery motivation to

later intelligence. For the girls, mastery behavior at one year was found to

be related to performance on the nonverbal aspects of intelligence at 3h years;

for the boys no relationship was found. This finding is important inasmuch as

the Bayley Developmental Quotient at one year did not significantly relate to

intelligence at 3% years for either boys or girls. Early language ability,

however, was significantly related to later 10; similarly, skill in solving

the mastery tasks at one year predicted later nonverbal intelligence.

Significance to Biomedical Research and the Program of the Institute : The

motivation to master the inanimate environment is thought to be a major im-

petus for learning in infancy and early childhood. In the course of the in-

fant's efforts to master his environment, he explores the properties of objects,

and thereby develops increasingly differentiated concepts of the world. There-

fore, infants with high mastery motivation were expected to develop problem-
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solving abilities and well differentiated concepts of the inanimate environ-
ment, and more generally, to develop their intellectual abilities in a wide
variety of areas. This study gives partial support to this theoretical as-

sumption. The results indicate that it is sex-linked; it holds for girls,
but not for boys.

Proposed Course of Project : Data analysis will be completed in the next

fiscal year. A paper based on the study will be submitted for presentation ^
at a professional meeting. The findings of the study will then be reported
in an appropriate journal.
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The major objective is to examine how young children's cognitive understanding
of the social world influences their interactions with a friend of the same
age. Very little work has been done which attempts to relate social cognition
to social behavior . Fifty-five dyads of 3% year old children, each dyad com-
posed of friends, participated in the three sessions of study. First, the child
was videotaped during free play with his friend. The coding of the free play
behaviors focused on (a) the degree to which the child accommodated his response
to input from the other child; and (b) the content of the child's behavior in
conflict interactions. In the second session, the child was given a number of

tasks assessing aspects of role-taking ability. These tasks are designed to

take another person's point of view, that is, awareness that another person may
have a different perspective from one's own. In the third session, the child
was given the McCarthy Scales of Children's Abilities, a standardized intel-
ligence test.
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Prp-ject DescripCion :

Objectives : The major objective is to examine how young children's cognitive
understanding of the social world influences their interactions with a friend
of the same age. Young children are just beginning to understand that another
person's point of view may be different from their own; this ability seems
essential for engaging in truly social give-and-take interaction. Very little
work, has been done which attempts to relate social cognition to social be-
havior, ft

Method Employed : One hundred and ten 3h year old children from middle-class
families participated in the study. Thirty-five of these children were seen
in a previous study of attachment and mastery motivation at one year of age
(See Project No. ZOl .HD00008-03) . A friend of each of these children parti-
cipated in the present study. The remainder of the sample was recruited in
pairs from local nursery schools. In all, fifty-five dyads of children, each
dyad composed of friends, participated.

Each child was seen for three sessions in our offices. In the first session,
the child and his friend were observed in a playroom containing a wide variety
of toys. The session was videotaped and lasted about 45 minutes. The coding
of the free play behaviors from the tape focused on (a) the degree to which
the child accommodates his responses to imput from the other child; and (b)
the child's behavior in conflict interactions.

In the second session, the child was given a number of tasks designed to as- ^
sess the ability to take another person's point of view, that is, awareness
that another person may have a different perspective. This ability can appear
in several forms. In spatial terms, it involves the understanding that things
can look different from another's visual perspective, e.g., the child was
asked to turn a picture on a table, so that the experimenter sitting opposite
the child "could see the person in the picture standing on her head." Ap-
preciating another person's point of view also involves understanding another's
emotional reactions and preferences. For example, the child was asked to pre-
tend to select birthday presents for mother, father, teacher, and friend from
an array containing a nylon stocking, a necktie, an adult book, a doll, and a

toy truck. Finally, understanding another's point of view is an essential
part of games that require different roles for different players. To assess
this notion of role differentiation, we chose the game "Hide the Penny," in

which the experimenter and the child take turns hiding the penny and guessing
where it is.

Major Findings : Analysis of the data is nearing completion. Final interpre-^
tation of the data cannot be made at this time, but the results thus far indiw
cate no relationship between social cognition and social ability. The analy-
sis of these data is complex because of the statistical interdependence of the

social behavior within a dyad. Several different statistical approaches to

this problem have been used; these have all shown no relationship between
social cognition and social ability. More general intellectual ability, as

measured by the McCarthy, shows a similar pattern of results except that
children with higher McCarthy scores were seen as more socially competent in ^^•.

global rating made by the primary coder of the free play tapes. On most of ^
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the measures of social ability, girls were coded as significantly higher than
boys, and older children as significantly higher than younger children.

Significance to Biomedical Research and the Program of the Institute : During
infancy, the relationship with the caregiver is the psychological pivot of the
infant's life. As the child grows older, peer relationships become increas-
ingly important, so that by adulthood, satisfying relationships with peers are
essential for mental health. Despite its importance, the early development of
relationships with peers has been studied very little; in contrast, the de-
velopment of social cognition has been studied intensively. Of special re-
levance for the present study is the development of the ability to take the
role of another, i.e., "the ability to take the position of another person
and thereby infer his perspective" (Shantz, 1975). At first, the child is

egocentric and presumes that another's perspecitve is identical to its own.
As the child gets older, the degree of egocentrism decreases and cognitive
role-taking ability increases.

The general failure of the egocentrism tests to relate to social ability with
a friend may indicate that this cognitive ability may be an aspect of abstract
reasoning that is not generally applied to everyday functioning with a peer.

Proposed Course of Project : Data analysis will be completed very soon. A
paper based on the study will be submitted for presentation at a professional
meeting. The findings of the study will then be reported in an appropriate
journal.
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Project Description :
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Objectives : The major purpose of this research is to study the development
of three aspects of mastery motivation in the first year of life: persis-
tence in problem solving, in practicing emerging motor skills and in secur-
ing feedback from the environment. This investigation builds on a previous
study in which measures of mastery motivation were developed for one yesr
olds (ZOl-HD-00008-04)

. These measures have been revised and elaborated,
and we are attempting to investigate mastery motivation at an earlier age, at
6 months. A second objective is to study the environmental correlates of
mastery motivation. We are observing mother-infant and father-infant inter-
action in the home at 6 and 12 months using a technique which preserves the
sequence of transactions. In this way we hope to investigate the signifi-
cance of the infant's early experiences with parents and with objects for
the development of mastery behaviors.

Methods Employed : The sample consists of 67 first-born infants from middle-
income intact families (34 boys and 33 girls); only infants from normal preg-
nancies and deliveries are included. Families are studied when the infants
are 6 months of age and again when they are 12 months. Data are being ob-
tained in several sessions at each age. In the first session the infants are
given the Bayley Scales of Infant Development. During the second laboratory
visit, six of the mastery motivation tasks are administered; the other six
are given at the third visit. The order of presentation of the two sets of
tasks is counterbalanced to allow for estimates of the internal consistency
of the "test." Three observations in the home are made within a week of the
laboratory visits. In addition, parents are asked to keep a diarv of the
infant's activities for a week and are administered the Perception of Baby
Temperament Test. At 12 months of age, the mother and infant will be observed
in a separation procedure adapted from a previous study (ZOl-HD-00003) to ex-
amine the relationships between mastery motivation and attachment between
mother and infant, as well as to study the precursors of separation behavior
in mother-infant interaction.

The three components of mastery motivation are assessed by a number of tasks.
The Practicing Emerging Skills component consists of tasks in which it is
necessary to coordinate perceptual and fine motor skills, an activity in
which infants often engage repetitiously . An example of one of the items for
6 month olds is a toy in which three plastic "men" in a small tub are presented;
the infant's task is to remove the men from the tub and then replace them. A
similar task for 12 month olds is a peg boat from which the infant can remove
pegs and replace them. The Problem Solving tasks include a variety of situ-
ations in which an object is located out of direct reach of the infant, but
within view. The infant is encouraged to obtain the object. For the 6 month
olds, one of the problem solving tasks consists in presenting an attractive
toy just beyond the infant's reach. The toy is on a piece of cloth and can
be obtained only by pulling the cloth towards him. A 12-month problem solv-
ing task involves showing the child a transparent door behind which is a toy
that can be obtained only by correct manipulation of the latch. Effectance'
Production tasks are those in which the infant produces an effect bv his own
actions. At 6 months, one of the Effectance Production tasks consists of an
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Activity Center in which a variety of effects are produced by turning knobs,
spinning wheels or pushing levers. For 12 month olds, the infants are pre-
sented with a Surprise Box consisting of a series of levers, buttons and
slides which release small spring-loaded figures when they are operated.
Each task is presented for three minutes and is videotaped for later scoring.
Both frequency and duration of behaviors such as attempting to conplete the

task, strategies used to explore the objects, amount of exploratory behavior^
and the type of affect accompanying the tasks are coded.

Observations of parent-infant interaction : For this study we have develop-
ed an observational system which attempts to preserve the sequence of inter-
action between the parent and infant. The observer focuses on the dyad with
reference to communicative behaviors, caretaking, and the object-related be-
haviors of each member. These observations are made without the observer
having any knowledge of the information obtained from the Mastery Assessment
or the Bayley Scales. In order to establish reliability in observation of

parent-infant interaction, observations are made by two observers simultan-
eously at regular intervals during the study.

The observers use an electronic digital recording device (Datamyte, Model 901-

32, Electro/General Corporation, Minnetonka, Minnesota) consisting of a small
14 button keyboard through which the coded data are entered and stored in the
unit along with the time of each data entry.

Major Findings : A pilot corss-sectional study has been completed on a sample
of 20 infants, 10 at 6 months of age and 10 at 12 months of age. Each of

these infants has been administered a preliminary version of the Mastery
Motivation tasks and the Bayley Scales of Infant Development. Descriptive
data from some of the pilot subjects indicate that there are predictable dif-

ferences in the types of mastery behaviors exhibited by 6 and 12 month old
infants. The remainder of these data are presently being coded and analyzed
to provide further information regarding the reliability of the observers and

the consistency within components of the mastery tests at the ages being
studied.

The longitudinal study has been initiated and almost all of the 6 month data

collection has been completed. To date 52 families have been seen in all

of the procedures.

Several plans for analyzing the data from both the mastery motivation assess-
ment and the observations of parent-infant interaction are being considered.
Methods are being developed to reduce the data to a limited number of vari-

|
ables. A subsample of the families in this study have been participants in

another study on the psychological aspects of childbearing (ZOl-HD-00014)

.

There will be about 25 families who have participated in both studies. This
will allow us to examine relationships between certain prenatal factors re-
lated to childbearing and family dynamics on the one hand and parent-infant
interaction at 6 and 12 months of age.
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Significance for Biomedical Research and the Program of the Institute : In
recent years there has been a shift from the assumption that all behavior
is motivated by simple need reduction to the view that a striving for com-
petence is also a powerful motivation. R. W. ^^Jhite (1959) contends that
activities in the service of effectance are adaptive; thev help the child
acquire knowledge and skills. In the ensuing years there have been a num-
ber of studies of competence, effectance, and mastery motivation in preschool
children (Bronson, 1973; Harter, 1976; Harter and Zigler, 1974) and some
theoretical elaboration of the concept (Hunt, 1965), but there has been little
progress in operationalizing the construct or developing measures to inves-
tigate the beginnings of mastery behavior in infancy. It is hoped that an
understanding of the roots of mastery and of optimal patterns of parent-
infant interaction can lead to more effective intervention programs.

Proposed Course of Project : Collection of data on the infants and their fam-
ilies will be completed in the next fiscal year. Plans for data reduction
and analyses will be finalized. It is expected that data analyses will be
carried out between April 1979 and April 1980. During that period several
reports of the results of the project will be written and submitted for
publication.

Papers Presented at Professional Meetings :

Vietze, P. M. and Anderson, B. J. Styles of Parent-Child Interaction. Back-
ground paper prepared for the Conference on Prevention of Retardation in
Psycho-Socially Disadvantaged Children, Madison, Wi., July, 1978.
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Project Description :

Obj ectives : To identify factors in infancy which are predictive of later
socio-emotional development. This project will focus on aspects of the mother-
infant relationship and infant functioning which have been hypothesized to be
important for healthy emotional development during early childhood.

Methods Employed : The first study of this project obtained data on the cur-
rent socio-emotional development of 3-4 year old children (Project ZOl

HD 00011 SBS) who were originally seen at one year (Projects ZOl HD 00005 and
ZOl HD 00008). The measures of socio-emotional development were the Kohn
Preschool Social Competence Scale and the Louisville Home Behavior Checklist.
The Kohn Scale is filled out by the child's preschool teacher and the Louis-
ville Checklist by the child's parents.

Four measures obtained at one year were considered as possible antecedents of

adaptation to preschool:

1. Extent of preferential response for mother, a composite score based

on several different response modalities in several different situations;

2. Social competence, a rating of the infant's proficiency and style

in initiating and sustaining social interaction with the mother;

3. Level of motivation to master emerging skills, a measure of the per-

sistence of the child in working on a series of laboratory tasks;

4. The developmental quotient of the child, the Bayley Mental Develop-

mental Index.

Major Findings: Data collection using the Kohn Social Competence Scale has

been completed. Both preferential response for mother and ability to elicit

mother's attention were significantly related to adjustment to preschool.

Specifically, children who showed greater preference for mother and greater

ability to elicit mother's attention were rated as participating more in class-

room rules. As expected, there was no relationship between the developmental

quotient and preschool adjustment. Motivation to master emerging skills re-

lated negatively to preschool adjustment, i.e., children who at one year

persisted longer at mastering skills were rated by their preschool teachers

as adjusting less well. This unexpected result requires replication.

Significance to Biomedical Research and the Program of the Institute : On the

basis of experience with emotionally disturbed individuals, clinicians from

several different theoretical perspectives have affirmed that the early mother-

infant relationship is crucial for later emotional and cognitive development.

There has, however, been little consensus on how to assess this relationship

meaningfully. Moreover, there have been few prospective studies of the long

term significance of variations in the mother-infant relationship. In this

study we have found a measure of the mother-infant relationship, preferential

response to mother, was significantly related to adjustment to preschool 2^5

years later.
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Proposed Course of Project : Data collection for the Louisville Home Behavior
Checklist should be completed before the end of the current fiscal year. At
that time we will carry out analyses with the Louisville Scale similar to the
analyses with the Kohn Scale. We will also ascertain the correlation between
the two scales as well as between the scales and measures collected in the
previous project (ZOl-HD-0001 1) . Although the results to data of this project
are encouraging, they clearly require replication. To that end we plan to

include assessment of the bond between mother and infant in two studies that ^
are currently underway in the Branch.

Publications :

Harmon, R. J., Morgan, G. A., & Klein, R. P. Determinants of Normal Variation
in Infants' Negative Reactions to Unfamiliar Adults. Journal of Child
Psychiatry , 1977, _1_6, 670-683.

Klein, R. P. & Durfee, J. T. Effects of stress on attachment behavior.
Journal of Genetic Psychology , 1978, 132 , 321-322.

#
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Perinatal events and experiences are increasingly being seen as having a sig-

nificant impact on the subsequent development of the child and on family re-

lationships. In this study, special attention is being directed to understand-

ing the interaction of the physical and psychological aspects of the birth pro-

cess and the impact of specific social and medical factors on the psychological

development of the child. One objective is to compare data obtained retro-

spectively from both mother and father with data obtained through direct obser-

vation of the childbirth experience and testing of the infants by an impartial

observer. Another objective is to compare the husband's and wife's individual

evaluations of the childbirth experience and their perceptions of the infant's

characteristics. Early analysis shows significant differences in their char-

acterizations of the infant. (Project participants are forty middle-income

couples and their normal first-borns.)
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Project Description :

Objectives : The basic objective of this study is to increase our understand-
ing of the medical, social and psychological factors which influence the ex-
perience of childbirth and the parents' relationship with the new infant.

Methods Employed : Married couples expecting their first child are recruited
from the study in the last month of pregnancy. These are middle-income, A
Caucasian families with normal pregnancies who are anticipating uncomplicated
deliveries. Complete data on all measures of the study are being obtained
from forty families.

Data are being obtained at three points in the perinatal period: in the month
before the expected date of delivery; at childbirth; and 7 to 10 days post-
partum. During pregnancy, demographic data on the couple are obtained and the
expectant mother is interviewed concerning her pregnancy experience and her
expectations of birth and parenting. Attitudes about health, illness, and
medical care are also assessed.

When each woman is in labor, a trained observer is present at the hospital to

record information on the course of labor according to a previously establish-
ed method of observation. This observation system uses time-sampling to obtain
data on the parturient woman's physical state, e.g., degree of tension, and on

medical events and her interactions with husband and medical staff. The

period of observation is one hour in midcourse of labor. Medical data are A
also taken from hospital records.

™

Seven to ten days after the childbirth, the new parents are interviewed about
psychological as well as physical aspects of labor and delivery and about

their first week with the infant. These reports will be compared with the

observational data and information from medical records. Health and attitudes
towards health care are also assessed, providing a basis for comparison of

attitudes before and after a significant health event. The Brazelton Neonatal
Behavioral Assessment Scale is administered and the parents are given Newborn
Behavior Inventory, a Q-sort technique, assessing the baby's temperament.

This research design allows comparison of data collected by the researcher who

has directly observed the childbirth events with the perceptions of parents

who have participated in these perinatal experiences. It also enables com-

parisons of the observer's more objective evaluation with the parents' per-

ceptions of the newborn.

Significance to Biomedical Research and the Program of the Institute : ^
Perinatal events and experiences are increasingly viewed as having a signifi-

cant impact on the subsequent development of the child and family relation-

ships. Consumer demands on the delivery of health care are focusing on child-

birth practices and procedures, yet to date there has been only limited re-

search on the experience of childbirth. Of special interest are the inter-

actions of the physical and psychological aspects of birth and the effects of

specific social and medical factors on psychological development.

•
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Proposed Course of the Project : Data collection will be completed in the fall

of 1978. Analysis of data is expected to continue for at least one year.

Publications :

Anderson, B. J., & Standley, K. Manual for naturalistic observation of the

childbirth experience, JSAS Catalog of Selected Documents in Psychology ,

1977, 1_, 6. (Ms. No. 1413)

Anderson, B. J., Standley, K. , & Nicholson, J. Training film for a method of

naturalistic observation of the childbirth environment. National Institutes

of Health, 1978.
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This investigation will examine the effects of cesarean childbirth on family

interaction and the parent-infant relationship. Fifteen families with medically

normal, cesarean delivered infants will be studied when the babies are 3 months

and 12 months old. At each age, two observations will be made when mother,

father and baby are together, with a third observation of mother and infant A
or substitute caregiver and infant. Parental interviews will complement the

observations. To measure parental perception of infant temperament, parents

will be asked to complete a Q sort technique. Between 15 and 25 families with

normal, vaginally delivered infants will be selected for comparison purposes

from another investigation which uses identical methodology (ZOl HD 00016 SBS).

Data analysis will consist of cross-sectional and longitudinal comparisons of

the two groups.

m
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Project Description :

Objectives : Although the rate at which cesarean childbirth occurs among
middle-class mothers has increased two-to three-fold in the past decade,
little research has been done to understand the consequences to parents of
this distinctive birth experience. The purpose of this investigation is to
obtain longitudinal descriptive data on parent-infant interactions in families
which have this childbirth e:<perience. Comparisons will be made with similar
observations of families in which a normal vaginal delivery occurred. Two
major questions will be addressed: (1) Does cesarean birth have significant
effects on any aspects of the parent-infant relationship?; (2) If there are
such differences do they persist throughout the infancy period?

Methods Employed : The sample will consist of 15 families with normal cesarean
delivered infants, and between 15 and 25 families with normal vaginally de-
livered infants. The comparison group will be drawn from another (ZOl HD
00016 SBS). The groups will be matched on mother's employment status, sex
of infant, parents' ages and education.

Observational procedures from a previous study (ZOl HD 00003 SBS) of mother-
infant, father-infant, and mother-father interaction have been revised for
use in the present study as well as in the study of The Integration of Child
Care and Work Roles. A parental interview has been developed which addresses
several topics: the experience of becoming a parent; the division of child
care and household tasks between mother and father; work history; plans and
attitudes of the mother and father; and the family's support network. In
addition, a set of questions has been developed for the cesarean delivery
group. These questions focus on the parents' experience of the delivery and
the hospital stay. Finally, a previously developed method for studying parents'
perception of their babies' temperament has been revised and extended for the
present study.

Families will be seen when the baby is 3 months old and again when the baby is

12 months old. At each age there will be two observations of mother, father
and baby together, and one observation of either mother and baby or of sub-
stitute caregiver and baby. In addition, parents will be interviewed and will
be given the scale measuring parental perception of the baby's temperament.

Major Findings : The study is in its pilot phase. Reliability data will be
collected over the next several months and data collection will begin after
adequate reliability has been obtained.

Analyses from a previous study have been carried out (Zol HD 00003-06 SBS);
to generate hypotheses. In this previous study, six out of 41 families inter-
viewed and observed when their infants were 5-months-old, had unanticipated
cesarean deliveries. In the present study the tentative findings based on
this small sample of families who experienced cesarean childbirth will be
explored in greater detail with a larger sample.

As compared with families in which the birth had been through vaginal delivery,
the families which experienced a cesarean delivery expressed less positive
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feelings about the birth and reported more problems in the initial adaptation
period. Fathers of cesarean-delivered infants participated more than the
other fathers in caregiving activities, and appeared to be more responsive to
their infants' fussing and crying than the other fathers. At the same time
they engaged in less interaction of a purely social nature with their babies.
Mothers who delivered by cesarean childbirth engaged in less physical contact
with the baby than other mothers. In conversations with their spouses they ^,
expressed more negative affect. ^
Significance to Biomedical Research and the Program of the Institute : A
cesarean childbirth is not only a medical procedure, but an experience that
may have important psychological sequelae. These analyses suggest that couples
who have a cesarean delivery experience more stress at the time of the birth
and more difficulty adjusting to being parents. They may be experiencing
more difficulty as a couple. These parents may establish different patterns
of care and interaction with their baby. The present study will attempt to
clarify the distinctive experiences of families following a cesarean child-
birth, and try to determine whether differences continue throughout the infant's
first year. The study will help identify special needs of mothers and fathers
following a cesarean delivery.

Proposed Course of Project : Measures of reliability of the observations and
interviews will be carried out. After reliability is established, data
collection will begin and continue over the course of a year.

#
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The objective of this study is to obtain longitudinal descriptive data on the
experiences of families with first born infants. Three groups of families will
be studied: those in which the mother plans to be the full time caregiver for
the infant during its first year; families in which the mother is employed when
the baby is 3 months old; and families in which the mother plans to be employed
before the baby's first birthday, but is not employed when the baby is 3 months
old. At 3 months and again at 12 months, two observations will be carried out
in the families' homes when mother, father and baby are together; parents will
also be interviewed and will be asked to complete a sort to measure their per-
ceptions of their infant temperament. In addition, a single observation will
be carried out with mother and baby alone if the mother is not employed. Data
[analysis will consist of cross-sectional and longitudinal comparisons of the
{three groups, and comparisons of babies' interactions with mothers and with sub-
stitute caregivers.
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Project Description :

Objectives : Mothers with very young children are being employed in unprece-
dented numbers. This study will attempt to address a number of questions
about mothers' employment decisions in families with first born infants:

1. What factors are related to mothers' decisions to seek employment or
to be full-time caregivers of their infants? ff

2. Are there systematic differences in the behavior of mothers who are
already employed when the infant is 3 months old, mothers who expect to be
employed by their babies' first birthday, and mothers who plan to provide full
time child care over the same period of time?

3. Is the father-infant relationship affected by variation in the mother's
employemnt role?

4. How does substitute care of infants of working mothers differ from
maternal care?

5. Do mother's and father's perceptions of their baby's temperament
differ in families in which the mothers make different employment decisions?

Methods Employed : The sample will consist of 54 families with first born in-
fants: 18 in which the mother is employed when the baby is 3 months old; 18 M'
in which the mother plans to be employed before the baby's first birthday,
but is not yet employed when the baby is 3 months old; and 18 in which the
mother plans to be the baby's caregiver throughout its first year. Families
will be seen when the baby is 3 months old and again when the baby is 12

months old.

Observational procedures from a previous study (ZOl HD 00003-05 SBS) which
permit descriptions of mother-infant, father-infant, and mother-father inter-
action, have been revised for use in the present study. A parental interview
has been developed which addresses several topics: the experience of becoming
a parent; the division of child care and household tasks between mother and
father; work history, plans and attitudes of the mother and father; and the
family's support network. Finally, a previously developed method for studying
parents' perceptions of their baby's temperament has been revised and extend-
ed for the present study.

Major Findings : The study is in its pilot phase. Reliability data will be -

collected over the next two months and data collection will begin subsequently-

To generate hypotheses for the present study, analyses have been carried out

using data collected for (ZOl HD 00003-06 SBS). These analyses compare

families in which mothers are employed full or part time (n=13) with those in

which mothers are full-time caregivers (n=28) . No significant difference were
found in infant development at 6 months (as measured by the Bayley Scales of

Infant Development) or in infant behaviors with either parent when mother, ^^^
father and baby were observed together. However, parents in the two groups ^
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differed in their perceptions of Che baby's temperament and in their behaviors
toward the infants. Employed mothers perceived their babies as more adaptable,
less active and less apt to approach new stimuli. Fathers whose wives were
employed perceived their babies as less active and more regular in such acti-
vities as eating and sleeping. Mothers who were employed verbalized signifi-
cantly more to their babies, but husbands of employed mothers engaged in less
interaction with their babies than husbands of women who were full-time care-
givers. These fathers rocked and cuddled, touched, and encouraged their
infants' visual attentiveness to objects significantly less than fathers
whose wives were not employed.

In the current study, we plan to explore the hypothesis that a mother who is
employed may "preempt" interaction time with the baby at the end of the day;
whereas mothers who are full-time caregivers may be relieved to have "time out"
from interaction with the baby and may encourage their husbands to interact
with their babies when all three are together.

Significance to Biomedical Research and the Program of the Institute : This
study will provide insight into how families with young infants reach de-
cisions about maternal employment, and how these decisions are related to
parental perceptions of the infant and how maternal employment influences
interactions with an infant. In addition, the findings will shed light on the
differences in infants' interactions with mothers and substitute caregivers.
These findings will help assess the impact on families of mothers' employment
decisions

.

Proposed Course of the Project : Reliability measures of the observations and
interviews will be obtained. Data collection should begin in the fall and
continue over the course of a year. Analysis of the data obtained when the
infants are 3 months old will begin while the 12 month data are gathered.
Final analyses will be carried out when data collection is completed.
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This project examines the usefulness of cross-cultural films from existing
archeves for studying the nature of caregiver-inf ant interactions in different
cultures. Sixteen sequences of caregiver-inf ant interaction from films of Pais,
an island in Micronesia, have been identified for pilot analysis. A system for
continuous coding of non-verbal social behaviors of caregivers and infants has^

j been developed. These films will be compared with films of American caregivers
and infants of approximately the same ages in public settings.
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Project Description :

Objectives : The major objectives of this studv are:

1. To develop a procedure for continuous coding of caregiver-inf ant be-
haviors that can be used with film or videotapes in cross-cultural studies;

2. To examine the usefulness of films made in a number of cultures as
sources of data for the study of caregiver-inf ant interaction;

3. To examine the generality of patterns of non-verbal social behaviors
of caregivers and infants across cultures.

Methods Employed: Based on observational systems previously used with digital
recording devices, a method is being developed to describe non-verbal social
behaviors of infants and caregivers using film records. Sixteen segments,
each of at least one minute in length, have been selected from a film record
taken by a visual anthropologist (D. Rubenstein) on the island of Pais in
Micronesia. Films of infants under two years of age in proximity to a care-
giver are being studied. The recorded behaviors included categories of in-
fant visual and manual activity, posture, facial expression, and the varieties
of stimulation provided by the caregiver. In addition, a number of inter-
active behaviors are recorded, e.g., mutual visual regard and play.

In order to provide comparison data, films of American infants and their care-
givers will be coded using the same procedure. Both the Pais and the American
films are of infant-caregiver behaviors in public places.

Major Findings : Coders are presently being trained. Actual coding of the
films should begin shortly.

Significance to Biomedical Research and the Program of the Institute : Theories
of early social development point to the importance of a close, stimulating and
warm relationship between infant and caregiver. However, much of the empirical
support for these theories has been obtained in Western cultures. From
enthnographies and from informal viewing of cross-cultural films in the archives,
it is clear that in many cultures infants have multiple caregivers, that stimu-
lation of infants is thought to be important, and that infants are not viewed
as social partners. This investigation is a feasibility study for a long range
project to examine cross-cultural differences in patterns of caregiver-inf ant""
interaction. It is aimed at determining whether films can be used to study
this kind of fine-grained behavior.

Proposed Course of Study : We expect to complete coding of both the Fais and
American films by mid-November. Data analysis will take place subsequently.
The results of this pilot phase will determine the next steos to be taken in
the studv.
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[This Study will investigate the imitative competence of newborns. In the past,
infants younger than 8 months were thought to lack the perceptual-cognitive
capacity to enable them to match a modeled facial gesture with their own gesture
which is not seen. Recent evidence with 2 week olds contradicts this belief. ^,
The present research will further explore the possibility that newborns can ^"
imitate adult facial gestures.
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Project Description :

Obj ectives : The purpose of this research is to investigate imitative com-

petence during the first three days of life. This study builds on a prev-

ious study (Meltzoff and Moore, 1977) which reported that infants 12-17 days

old have the ability to imitate various facial and manipulative gestures.

Their study suggests that neonates have an innate ability to compare a

visually perceived gesture with their own unseen gesture and produce the re-

quired match. The present research seeks to examine carefully the possibility

that the imitative behavior reported in the Meltzoff and Moore study was not

conditioned. We hope to determine whether early imitative phenomena should

be interpreted as true imitation, general arousal, or conditioned response.

Attempted replications to date (e.g., Jacobsen and Kagan, 1978) have not dir-

ectly addressed these critical issues.

Methods Employed : Fifty male and fifty female infants, 2 to 3 days of age

will be recruited from the newborn nursery at Columbia Hospital for Women.

Following a feeding, infants will be taken from the newborn nursery to an

adjacent room. They will be placed in a padded infant chair fastened to a

table facing a video camera. The camera will be positioned approximately six

feet from the infant and aimed so that the infant's face fills the screen.

Ten males and ten females will be randomly assigned to the control situation
and to each of the four experimental situations. The infant's behavior will

be recorded on videotape for a total of eight minutes.

Half of the infants will be exposed to the gestures in the following order:

tongue protrusion, mouth opening; the other half will be exposed to the ges-

tures in the reverse order. The experimental session will begin with the

insertion of a pacifier into the infant's mouth. Infants will be allowed to

suck on it for 30 seconds while the experimenter presents a passive face.

The pacifier will then be removed and a 150-second period will be timed. After

this baseline period the pacifier will be reinserted into the infant's mouth,

and the first gesture will be demonstrated until the experimenter judges that

the infant has watched the gesture for 15 seconds. The experimenter will then

stop gesturing and resume a passive face and remove the pacifier. A ISO-second
response period will be presented using the identical procedure. This pro-
cedure replicates the procedure used by Meltzoff and Moore (1977).

In the second experimental situation, a passive face will replace the tongue

protrusion and mouth-opening during stimulus presentation periods. In the

third experimental session, during response periods 1 and 2, the experimenter
will attempt to elicit the desired response. For the last situation, an

inanimate object (such as a pen) will replace the adult stimulus for the

entire eight minutes.

Following collection of the data on videotapes, 10 naive judges from univer-

sities in the area will be trained to judge the infant's facial expressions.
They will be blind regarding the study design and the experimental condition
to which an infant is assigned.
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Significance to Biomedical Research and the Program of the Institute :

Recently Meltzoff and Moore (1977) have hypothesized that 2 week olds can

equate their own unseen behaviors with gestures they see others perform.

This reported finding is contradictory to other theories, Piaget's, for

example, which propose that infants do not master this behavior until at

least 8 to 12 months of age. If, as Meltzoff and Moore suggest, the infant's

imitative competencies are present at birth, then we must change our concept

A

of both the innate abilities of neonates, and the earliest learning processes

used by human infants.

Proposed Course of the Project : At present preparation is underway to begin
data collection. It is expected that data collection will require three to

four months after which coding of videotapes and data analysis will occur.

%

t
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Developmental Pharmacology Branch

SUMMARY

The DEVELOPMENTAL PHARMACOLOGY BRANCH studies the molecular mechanisms
underlying genetic differences involved in the stimulation of pharmacologically
important enzyme activities by drugs and various environmental contaminants.
Why does the same dose of the same drug or other compound given to two differ-
ent individuals (with the exception of monozygotic twins) evoke different
responses? The responses include therapeutic effectiveness of a drug, undesir-
able side effects of a drug, and severe pathophysiologic processes such as
cancer and birth defects. Our studies are conducted with a variety of bio-
logical systems, each chosen so as to provide unique experimental access and
unequivocal answers to the questions being asked. From results obtained with
such experimental systems as inbred strains of mice and established cell
culture lines, we can form hypotheses which can be tested in clinical patients.
The Branch presently consists of one Section and three Units.

A. The Section on Pharmacogenetics and Molecular Teratology, under the
direction of Daniel W. Nebert, M.D., studies the relationship between the
etiology of birth defects and the transplacental effects of these environmental
stimuli on such enzyme activities. In certain instances, numerous pharmaco-
genetic disorders in man cause individuals to react very differently to the
same dose of the same drug. The teratogenic, carcinogenic, or toxic effects
of certain drugs and other foreign compounds (xenobiotics) ma}? also reflect
important genetically mediated differences between individuals. Accordingly,
our laboratory has developed experimental model systems for studying drug
metabolism in cell culture and in a colony of inbred strains of mice. We have
determined that the induction of at least 23 drug-metabolizing enz3nne "activi-
ties" is regulated at one or two genetic loci, called the Ah locus for _aromatic
_hydrocarbon responsiveness. The relative "aromatic hydrocarbon responsiveness"
in certain mice results in more polycyclic hydrocarbon-initiated tumors, in a

shortened paralysis time when given a certain muscle relaxant, in a shortened
survival time when dosed with large amounts of polycyclic hydrocarbons, in
hepatic necrosis and cataract formation when given acetaminophen, in an
increased number of fetal resorptions, stillbirths, and malformations when
the pregnant mother is given certain chemicals, and in ovarian toxicity.
These genetically mediated dissimilarities in xenobiotic metabolism may be a

useful probe in man for demonstrating differences in the rates of certain
drug-induced birth defects.

B. The Unit on Genetic Regulation of Drug-conjugating Enzymes, under the
direction of Ida S. Owens, Ph.D., is interested in the genetic regulation of
basal and inducible glucuronide-conjugating enzyme activities among inbred
strains of mice and in cell culture. Detoxification of certain highly lipo-
philic endogenous substrates and noxious foreign compounds, such as environ-
mental pollutants, requires a multistep process involving phase I and phase II
enzyme systems. With inbred strains of mice, research in this Branch has
established that certain monooxygenases (phase I enzymes) are regulated at a
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few genetic loci and that e:<pression of enz\Tne induction is dominant or codoA
inant in response to aromatic hydrocarbon treatment. The products of the
monooxygenase system can serve as substrate for conjugation via the UDP
glucuronosyltransf erase system (phase II enzymes) . In hepatic tissue from
aromatic hydrocarbon-treated mice, induction of a transferase enzyme system
lags behind the time course of induction of a certain monooxygenase system,

is genetically linked to the induction of the monooxygenase, and is expressed
as a codominant trait in progeny from backcrosses and intercrosses of the

prototype strains of mice. Since many noxious foreign compounds are metabo- ^F
lized initially via the monooxygenase system and subsequently by the trans-
ferase system or one of several other drug-metabolizing enz^iaes, an understand-
ing of the functional relationship (t.e^. balance ) of these various enzymes
might explain why carcinogenesis, toxicity/, teratogenesis, and/or mutagenesis
are caused by certain xenobiotics and not by others.

C. The Unit on Physical Biology, under the direction of Jack S. Cohen,
Ph.D. , examines the conformation and interactions of proteins and nucleic acids
in solution. Nuclear magnetic resonance (XMR) spectroscopy is the method
commonly used. To study strong and selective peptide-protein binding as a

model for hormone peptide-receptor interactions, the ribonuclease S' system
has been chosen, particularly since it provides a simple enz>Tnatic test of

biological activity. Selectively 'C-enriched peptides of the 1- to 15-amino-
terminal portion of ribonuclease were synthesized, and resolved resonances of

individual C atoms of the ribonuclease S' complex were monitored. Both at

natural abundance (1.1%) and with ^ ^C- enrichment , the ^^C NMR technique has

been extended to studies of Met, His, Ala, Asp, and Tyr residues in several ^
proteins. Applications of stable isotopes such as C, ^^N, '^H, and ^^P are "•

all being developed as probes in biochemical svstems to be examined by NXR and

gas chromatography-mass spectrometry (GC-MS) . Specifically 'C-, ^^N-, '^H-

enriched amino acids and naturally occurring - P from phosphates and other

macromolecules inside biological tissues or cells are being studied. Two

examples with '^P studies include the calibration of internal pH of chromaffin
granules and the determination of structure of the nucleosome particle of

chromatin.

D. The Unit on Genetic Expression, under the direction of Howard J.

Eisen, M.D., attempts to understand the regulation of the glucocorticoid

receptor and the genetic regulation underlying the expression of such liver

proteins as a-f etoprotein and albumin. In this year's Annual Report, Dr. Eisen'

s

work is summarized under the Laboratory of Biomedical Sciences, from which
Dr. Eisen transferred to the Developmental Pharmacology Branch during this

current fiscal year.

E. Clinical research protocols in this Branch include (i) kinetics of A
polychlorinated biphenyls concentration in breast milk during the first 6

months of lactation, (ii) attempts to develop a bio-assay for the determination

of "breast milk jaundice factor," and (iii) family studies in an attempt to

correlate allelic differences at the Ah locus with: idiopathic aplastic

anemia, solid tumors, childhood leukemia, and retinitis pigmentosa.
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For the elucidation of the conformation and interactions of proteins in solutidn,
nuclear magnetic resonance (NMR) spectroscopy in the method of choice. To
study strong and selective pep tide-protein binding , as a model for horone
peptide-receptor interactions the ribonuclease S' (RS') system has been chosen,
particularly since it provides a simple enzymatic test of biological viability,
Selectively ^C-enriched peptides of the (1-15) amino-terminal portion of
ribonuclease were synthesized, and resolved resonances of individual -'c
atoms in the RS ' complex were monitored. Both at natural abundance (1.1%) and
with 13c enrichment the ^'c NMR technique has been extended to the observation

I

of Met, His, Ala, Asp and Tyr residues in several proteins.
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Project Description: A^)

Obj ectives : It is intended to extend the study of functional groups in proteins
to those without a normal chromophore (such as Met, Asp, Ala, etc.) by utilizing
the intrinsic advantages of the NMR technique. Particularly it is intended to
show that the combination of MMR with selective stable isotopic enrichment can
provide unique information on specific atoms at a protein-peptide interface.

Methods Employed : High field proton and carbon-13 nuclear magnetic resonanc^;
Enrichment of biological molecules with stable isotopes (^^C, ' 'N) .

Major Findings : •

A. Specific Peptide-Protein Interactions in the Ribonuclease S' System Studied
by 13C Nuclear Magnetic Resonance Spectroscopy : The (1-15) amino-terminal
portion of ribonuclease has been synthesized by the solid-phase method contain-
ing selectively 'C enriched amino acids. Two types of peptide were prepared:
a) in which the carbon atoms of Ala 5 were uniformly labelled with ''C (90%),
and b) in which the side chains of His 12 (C^) , Met 13 (C'-) and Asp 14 (C"'')

were enriched. These regions of the peptide are known to form a) an a-helix
and b) the active site region on complexation with ribonuclease S-protein
(residues 21-124). Fully active ribonuclease S' (RS') complexes were obtained
after dialysis from excess peptide. Distinct resonances were resolved by high
field ^^C nuclear magnetic resonance for the enriched ^^C atoms in the RS '

complexes for 5 out of the 6 sites. MMR parameters for each of these resonances
were determined, and formed a basis for interpretation of the nature of the ^
environment of each site in the complex. The pH and temperature dependencies

'

of the individual sites were also investigated. Asp 14 (C^) has a pK^ of 2.4,
lower than the peptide alone (pK^ 3.8), and its spin-lattice relaxation time
indicates that it is not protonated at pH 5.6. Thus we conclude that Asp 14

is a hydrogen-bond acceptor. His 12 (C^) has a pK^ of ca. 5.7, and the ^H NMR
spectrum of this complex confirms the previous assignment of this resonance.
Both backbone Ala 5 C° and C*^ resonances shift downfield ca. 3 ppm on formation
of the a-helix in the complex, and the correlation time calculated from the C^
resonance in the RS ' complex is 8xlO~'3 sec. The Met 13 C^ resonance is shifted
ca. 2 ppm upfield on complex formation, indicating a hydrophobic, electronically-
shielded environment for this residue. The same temperature (43°) and pH (2.5)
transitions were recorded for four of the sites, but a different temperature
(37°) and pH (3.2) were found for the transitions of the Met 13 C^ atom,
indicating a weaker bond in the complex and more ready denaturation of this
residue.

3. The Conformation and Enzymatic Mechanism of Ribonuclease : Non-covalent semi-
synthetic ribonuclease S' (RS') complexes were obtained by interaction of ^
selectively 'C-enriched (1-15) peptides with ribonuclease S-protein (residues
21-124). The *^C resonances of the side chain atoms of residues His 12 (C^-) ,

Met 13 (C^) and Asp 14 (CO were monitored as a function of pH and in the
presence of competitive inhibitors of ribonuclease, inorganic phosphate (P.^)

and the dinucleoside phosphonate substrate analog UpcA. The pK^ value of Asp
14 was found to be ca. 2.4, while that of His 12 was 5.7. The Asp 14 (C'< {resonance has a small inflection with pK^ 6.1, which is not due to His 12, buf^
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presumably arises from the titration of His 48. While the His 12 C resonance

describes a simple titration curve, on the addition of P. or UpcA the curve

exhibits two components. With P_. the lower inflection has a pK of 3.9, which

has previously been observed by '-^H NMR. Thus, while these and other results

support the presence of a conformational transition affecting His 12, due to a

group (or groups) with a pK value in the acidic region, that group cannot be

identified with Asp 14 as had previously been supposed from the close proximity

of these residues in the structure. On the contrary the ^^C NMR parameters for

Asp 14 indicate that it is a hydrogen-bond acceptor in the pH range 8-3.

The pK value of His 12 is increased by P., but although its ^^C NMR titration

curve is significantly affected by UpcA, its pK value is not altered. Thus,

His 12 interacts with a neutral group in UpcA, presumably the 2'-hydroxyl group.

C. Direct Observation of Methionine Residues in Proteins : 1. Cytochrome c_:

The two C"-methyl methionine groups in horse cytochrome c_ (M.W. 13,400) have

been chemically enriched (45%) with ^^C NMR signals have been monitored in both

the oxidized and reduced states and under various solution conditions. Methi-

onine residue 80 showed characteristic chemical shift positions for the reduced

Fe(II) and cyano-Fe(III) forms. No signal for Met 80 was observed in the

oxidized Fe(III) form due to the paramagnetic effect of the iron atom to which

it is bonded, but the position of the Met 65 signal was shifted, indicating

that it is sensitive to the change of oxidation state. Two well resolved

signals were observed at pH 11 for the Fe(III) form but only one was resolved

at pH 2, indicating that while Met 80 is definitely displaced from the iron

atom at alkaline pH, it may not be in acid conditions. 2. 3-Galactosidase :

e-Galactosidase (M.W. 460,000) selectively enriched with carbon-13 in the

methionyl methyl carbons has been prepared biosynthetically from a methionine-

less strain of E. coli . The ^^C NMR signal of the 23 enriched enz\Tne

methionines (centered at 14.19 ppm from TMS) decreased in intensity upon

treatment with chloramine T and a new signal appeared (at 36.68 ppm) correspond-

ing to the methyl carbons of methionine sulfoxide. Loss of enzyme activity did

not commence until ten methionyl residues were oxidized and was almost complete
when a further four residues had reacted. The results support the involvement
of a methionyl residue in B-galactosidase catalysis. 3. Dihydrofolate Reductase
(DHFR) : DHFR (M.W. 17,500) was prepared biosynthetically from Streptococcus
faecium . Seven " C NMR resonances were observed corresponding to the seven
methionine residues present in this protein. The addition of the drug
methotrexate and the co-enzyme NADPH on these resonances was monitored. The
results indicate a slow exchange process affecting at least 4 Met residues, but
detailed computer analysis of the spectrum has not been possible due to the
many overlapping peaks.

D. Observation of Carboxyl and Tyrosine Residues in Proteins : These studies
were carried out on the natural abundance of ^ ^C (1,1%) . The six ^^C resonances
of the 6 tyrosine residues of ribonuclease A have been resolved by ^^C NMR
spectroscopy. Titration studies of these resonances reveal 1 nontitrating or
buried tyrosine residue, 1 partially buried residue, and 4 normally titrating '

residues, which are tentatively identified. Results on the carboxyl groups of
lysozxTne indicate the possibility of distinguishing salt-bridged carboxvl
residues in proteins.
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E. Histidine Residues' of Deoxy- and Oxy-Myoglobin : Proton N>tR titration cur^|»^,

of the histidine C'-H resonances of the deoxy- and oxy-forms of human, horsed
and sperm whale myoglobins (>fb) were determined and compared to the results for

the met- and azide-forms. One extra titrating resonance (H-8) was observed for

each deoxy-Mb compared to the corresponding met-Mb, and a further extra resonance
(H-9) was observed for the oxy-Mb form. These resonances correspond to the two

additional resonances previously described for azide-Mb (Hayes, M. , Hagenmaier,
H. and Cohen, J. S. (1975) J. Biol. Chem . 250 , 7461-7472). This new evidence
prompts us to reassign these resonances to the near-heme histidine residues 6i»-

(H-8) and 97 (H-9) . The properties of these residues in the various Mb form^^-
are related to their MMR titration parameters, particularly it is concluded
that the pK of the distal histidine 64 is ca. 6.7, and that it is not signifi-
cantly different in deoxy- and oxy-Mb.

Significance to Biomedical Research and the Program of the Institute : The
results of this work and the development of the methods involved are of
fundamental biochemical significance. Particularly, the detailed study of a

model peptide-protein interaction is a first major step towards the much more
difficult study of hormone- or drug-receptor interactions.

Proposed Course : (This project has been transferred from ERRB to DPB)

.

(1) Further studies of the ^C enriched peptide are continuing. The rate of

exchange with non-enriched peptide will be studied by this unique technique.

(2) Singly methionine-^ ^C enriched cytochrome £ is being prepared to confirm
the resonance assigments. Studies of conformational effects and ion binding
should enable us to clarify the state of the Met 80 in the heme pocket under
different conditions. (3) Extension of the ^C-Met method to cytochrome P-45^
is being investigated. (4) To investigate protein-nucleic acid interactions "
in solution, deuterium (^H) MMR is being developed. The deuterium nucleus is
self-relaxing due to its electric quodrupole moment. Hence, it is a better
monitor of local correlation time than ^H or -^^C. This has been exploited to
study membrane systems, but there have been very few applications to proteins
and nucleic acids. We intend to enrich selectively interreacting components
and to observe their mutual influence.

Publications

:

1. Niu, C. , Shindo, H. , Gross, M. , and Cohen, J.S.: Characterization of
the acetyl-chymotrypsin intermediate by ^^C MMR spectroscopy. J . Am.
Chem. Soc . 99: 3161-3162, 1977.

2. Shindo, H. , Cohen, J.S., and Rupley, J. A.: Self-association of hen
egg white lysozyme as studied by nuclear magnetic resonance.
Biochemistry 16: 3879-3882, 1977.

3. Egan, W. , Shindo, H., and Cohen, J.S.: Carbon-13 nuclear magnetic ^
resonance studies of proteins. Ann. Rev. Biophys. Bioeng . 6_:

383-417, 1977.

4. Egan, W. , Shindo, H. , and Cohen, J.S.: On the tyrosine residues of
ribonuclease A. J. Biol. Chem . 253 : 16-17, 1978.
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5. Schejter, A., Lanir, A., Vig, I., and Cohen, J.S.: Direct observation
of the methionine residue of cytochrome £ by ^^C NMR spectroscopy.
J. Biol. Chem . 353 : 3768-3769, 1978.

6. Shindo, H. , Egan, W. , and Cohen, J.S.: Titration studies of carboxyl
groups in proteins by ^ ^C NMR spectroscopy. J. Biol. Chem . , in press.

7. Cohen, J.S.: NMR studies of biologically relevant isotopes other than
hydrogen. Grit. Rev. Biochem . , in press.
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Project Description:

Objectives: To develop new tools to probe molecular structure and function by-

utilizing the combination of stable isotopic substitution ( -^C, ' N, '-H ,
' Se)

with NMR observation of the isotopic probe.

Me thods Employed : Nuclear magnetic resonance observation of the following

nuclei: 13c,' 15n, -H and "^^Se. Each of these requires the construction and

tuning of a probe and appropriate radiof requency units for our superconducting

magnet system.

Major Findings : Conformation of Peptides in Solution from Cross-Peptide Bond

13C-15N Coupling Constants: Peptides have been synthesized containing amino

acids enriched in '^C or ^ ^N . Comparative ^^C NMR ('H decoupled) spectra of

the linear peptide t-Boc-L-Ala(^ 3q u. 1. ) -Gly (^ ^N) -OMe and the corresponding

cyclic diketopiperazine showed differences in the cross-peptide bond coupling

constants JC^^C^-^^) of 14.7 to 17.1 Hz and 2j(13c^_15^) ^f <i_5 to 4.9 Hz,

respectively. The latter values reflecting the Cpi-Cq-N dihedral angles indicate

a relationship of this coupling constant to the peptide bond conformation.

The ^^C-^^N couplings could not be determined for the larger 15 amino acid

peptides of ribonuclease due to the broadening of their '^C signals due to

reduced motion in solution. The deuterium NMR signal of selectively ^H-enriched

lysozyme has been found to be a monitor of the process of self -association.

The correlation time of the ^H-enriched residue can be determined by this

method more accurately than by other NMR techniques.

Significance to Biomedical Research and the Program of the Institute : Studies

of interactions and conformations of macromolecules in solution are extremely

difficult to study. It is important to develop new techniques towards this

end in order to obtain fundamental information about macromolecular function.

Proposed Course : (This project has been transferred from ERRB to DPB)

.

(1) In view of the potential importance of cross-peptide bond couplings and

the preliminary results obtained, some further small peptides will be

investigated, (2) nitrogen-15 NMR will be applied to this problem using the
1 5j^j_gj^j.^(,^gjj peptides already synthesized, (3) the deuterium NMR method will

be extended to protein-nucleic acid and other macromolecular interactions.

Publications

:

None
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SUMMARY OF ^ORK (200 words or less - underline -= In certain instances numerous pharmaco-
genetic disorders in man cause individuals to react very differently to the same
dose of the same drug. The teratogenic , carcinogenic , or toxic effects of cer-

tain drugs and other foreign compounds ( xenobiotics ) may also reflect important

genetically mediated differences between individuals. Accordingly, our labor^'oijy

has developed experimental model systems for studying drug metabolism in cell^
culture and in a colony of inbred strains of mice . We have determined that the

induction of at least 23 drug-metabolizing enzyme "activities" is regulated at

one or two genetic loci, called the Ah locus for £romatic liydrocarbon responsive-
ness. The relative presence of "aromatic hydrocarbon responsiveness" in certain
mice results in more polycyclic hydrocarbon- initiated tumors, in a shortened
paralysis time when given a certain muscle relaxant, in a shortened survival time

when dosed with large amounts of polycyclic hydrocarbons , in hepatic necrosis^~'d
cataract formation when given acetaminophen, and in an increased number of fe^li.

resorptions, stillbirths, and malformations when the pregnant mother is given
certain chemicals. These genetically mediated dissimilarities in xenobiotic
metabolism may be a useful probe in demonstrating differences in the rates of

certain drug-induced birth defects.
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Obj ectives : Membrane-bound niixed-function oxygenases are important in the
metabolism of drugs, carcinogens, and insecticides, as well as many endogenous
lipophilic substrates such as steroids, fatty acids, cholesterol, indoles,
biogenic amines, and thyroxine. We have found that the "induction," or stim-
ulation, of a group of drug-metabolizing enz\-me activities in response to
aromatic hydrocarbon treatment is regulated by only a few genetic loci in the
mouse. We have also employed cell culture techniques for studying the mecha-
nism of microsomal monooxygenase induction in an experimental system which is
more rigidly controlled than similar studies in the intact animal. Under-
standing the mechanism by which drug-metabolizing enzymes are induced may
elucidate important concepts in the fields of drug metabolism, developmental
pharmacology, steroid biochemistry, chemical carcinogenesis, teratology, ento-
mology, and limnology. The main objectives of this project are (1) to exploit
genetic differences in drug metabolism between various inbred strains of mice
in order to understand better the potential importance of pharmacogenetics;
(2) to use tissue culture techniques in answering questions which would be
difficult or impossible with studies in the intact animal; (3) to combine the
genetic differences with the tissue culture techniques in order to elucidate
certain mechanisms related to mammalian gene regulation; and (4) to apply
certain of these techniques to human tissues so that extrapolations can be
made from rigidly controlled experimental systems to pharmacogenetic differ-
ences in man.

Methods Employed : The principal methods employed are: (1) recording spectro-
photometry of turbid solutions, (2) enzyme assays involving radiometric, spec-
trophotometric, and spectrophotof luorometr ic determinations of product forma-
tion or substrate disappearance, (3) radioisotopic measurements using tritium
and carbon-14, (4) cell culture techniques, (5) differential centrifugation,
(6) phase microscopy, (7) equilibrium dialysis, (8) polyacrylamide gel elec-
trophoresis, (9) isoelectric-focusing electrophoresis, (10) column- and thin-
layer chromatography, (11) magnetic resonance techniques, (12) high pressure
liquid chromatography, (13) gas chromatography, and (14) gas chromatography-
mass spectrometry.

Major Findings : (1) Aplastic anemia induced by oral benzo [a] pyrene (BP)
daily occurs in less than 4 weeks in the nonresponsive Ah^/Ah^ individual,
whereas his responsive Ah^/Ah^ and Ah^/Ah'^ siblings remain healthy for 6 months
while continuously receiving the same daily dose of BP . This phenomenon is
probably associated with the "first-pass elimination" effect and the relatively
low degree of aryl hydrocarbon hydroxylase induction in the bowel, liver, and
bone marrow of the Ah'^/Ah" mouse. A latency period of 2 to 4 weeks is demon-
strated between the exposure to oral BP and the subsequent development of
irreversible aplastic anemia and death; no morphological changes are apparent
during much of this latency period. We propose that this animal model system
might be useful in investigating the pharmacogenetic susceptibility in man to
dose- independent chloramphenicol-induced aplastic anemia. (2) Room-tempera-
ture spectrophotometry and EPR low-temperature spectroscopy were compared in
liver microsomes from five species of animals. Two factors are most important
in determining Type I, Type II, and Reverse Type I difference spectra—and the
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magnitude of the pe^-to-trough absorption: (a) the hydrophobic character B
and/or the availability of lone-pair electrons of the substrate; and (b) the
spin state of P-450 iron at the time the test compound interacts with the
cytochrome. By comparisons of Type I, Type II, and Reverse Type I compounds
in the sample and reference cuvettes, we conclude that the 410-nm trough
represents a "Reverse Type I character" for ±n vivo low spin P-450 iron. We
therefore suggest that the sixth ligand for the _in vivo low spin P-450 ferric
iron is a hydroxyl group (or moiety of similar ligand field strength) from an
adjacent amino acid residue. (3) Hepatic microsomes were examined on the d(p

of preparation with both a low-temperature (either 77° or 9.5° K) electron
paramagnetic resonance (EPR) spectrometer and a room-temperature spectrophoto-
meter. Our findings indicate that (i) the hydrophobic character or availability
of lone-pair electrons at various positions on the molecule of the test compound
and (ii) spin state of the P-450 iron— a_t the time the test compound interacts
with P-450—are the two most important determinants in producing a Type I,

Type II, Reverse Type I, or no difference spectrum at all and the magnitude
of the peak-to-trough absorbance of the spectrum. (4) Using the responsive
C57BL/6 and the nonresponsive DBA/2 inbred strains, the progeny of the F^ X

DBA/2 backcross, and 8 other responsive or nonresponsive inbred strains, and
using 3-naphthof lavone, 2, 3, 7 , S-tetrachlorodibenzo-p^-dioxin (TCDD) , or pheno-
barbital as inducers, we found that ornithine decarboxylase activity increases
8 to 18 hours after inducer treatment and that this increase is directly
correlated with the Ah^ allele. These data strongly suggest that, although the
number of genes regulated by the Ah locus is miniscule compared with the total
population of genes, one can detect gene activation (via ornithine decarboxylase
induction) during treatment with polycyclic aromatic compound inducers. (5) ^.
Pregnant mice received a single injection of 3-methylcholanthrene (MC) or

7 ,12-dimethylbenz[a]anthracene (DMBA) between day 5 and day 13 of gestation,
and the uterine contents were examined on day 18. Striking increases were
observed in the incidence of MC- and DMBA-induced resorptions and congenital
malformations in the aromatic hydrocarbon "responsive" C57BL/6N inbred strain,
and of DMBA-induced resorptions in the "responsive" C3H/H.eN and BAL3/cAnN
strains—when compared with the similarly treated genetically "nonresponsive"
AKR/N strain. Although numerous teratogenic differences among inbred mouse
strains have been previously reported, this study is unique in that the genetic
differences in teratogenicity observed were predicted in advance on the basis
of known differences among these strains in polycyclic hydrocarbon metabolism
regulated by the Ah locus. (6) With progeny from the nonresponsive AKR/N
mother and the responsive (C57BL/6N) (AKR/N)Fi father, the Ah^ allele was
strongly correlated with 3- to more than 10-fold increases in the incidence of

stillborns, resorptions, small for gestational age, and malformations. These
data suggest that a single gene (or small number of genes) controlling the
metabolism of foreign compounds in tissues of the individual fetus rather thair

of the mother may be important in the etiology of certain birth defects. (7)^
The effective doses of TCDD for inducing half maximally (ED53 values) aryl
hydrocarbon (benzo [a]pyrene) hydroxylase (AHH) activity in H-4-II-E, Hepa-1,
VERO, and HTC established cell culture lines are about 0.23, 0.45, 110, and

>200 nM, respectively, and the maximally induced hydroxylase activity is more
than 100 times higher in TCDD-treated H-4-II-E and Hepa-1 than in VERO or HTC
lines. The former two lines are therefore regarded as "responsive," and the
latter two "nonresponsive," to TCDD. (8) The apparent K^ values for TCDD
binding to a small, saturable, homogeneous population of cytosolic sites in
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all four of these cell lines are similar, however, ranging between 1.02 and

2.80 nM. The estimated mean numbers of cytosolic binding sites are also

similar, ranging between 14,000 and 22,000 per cell in all four of these cell

lines grown in control growth medium. The curve for high-affinity TCDD binding

is sigmoidal in shape, presumably reflecting positive cooperativity . (9) MC,

benz [a] anthracene, and 3-naphthof lavone-thr ee known inducers of AHH activity

—

are capable of displacing [^HjTCDD from the receptor similarly in all four cell

lines, but the avidity of the receptor for TCDD is about 100 to more than

1,000 times greater than that for these three other inducers. Phenobarbital,
pregnenolone-16a-carbonitrile, dexamethasone, and two inactive congeners of

TCDD are incapable of displacing [^H]TCDD from the receptor at concentration
10^ times greater than that of ['h]TCDD. (10) During induction of the

hydroxylase in the responsive cell lines by MC or benz [a] anthracene, there

is an approximately 60% to 140% increase in receptors 24 and 48 hours after

polycyclic hydrocarbon treatment. The increase in receptors is greater in

cells during logarithmic growth than during the stationary phase. This

increase does not occur in the MC- or benz [a] anthracene- treated nonresponsive

cell lines. These data indicate that the presence of cytosolic high-affinity

binding sites is not necessarily associated with AHH inducibility regulated

by the Ah locus. However, the increase in these cytosolic binding sites

appears to be directly associated with the pleiotypic response governed by

the Ah locus, one of the responses being induction of the hydroxylase activity.

(11) The induction of AHH activity in the rat Reuber hepatoma H-4-II-E

established cell line was studied with MC and its K-region oxide and diol and

with BP and 23 of its oxygenated derivatives (including twelve phenols, three

diols, three quinones, three oxides, and two diol-epoxides . The naturally

occurring BP-6, 12-quinone and the chemically synthesized 12- and 4-phenolic

derivatives of BP are as potent in inducing the hydroxylase activity as the

parent BP molecule. The trans-7 , 8-dihydroxy-7 , 8-dihydrobenzo [a] pyr ene is more

polar than BP but is shown to enter the cells in culture more readily than

BP. (12) By knowing the amount of polycyclic hydrocarbon metabolized and

the percentage of various metabolites of BP that e:<ist in these cells, however,

we find no metabolite that is sufficiently potent to induce the hydroxylase

activity more than the parent BP molecule. It is concluded, therefore, that

metabolism of the parent polycyclic hydrocarbon is not a requirement for the

induction process to proceed. (13) \^en [^H]BP is incubated in vitro together

with deproteinized salmon sperm DNA, NADPH, and mouse liver microsomes, the

covalent binding of BP metabolites to DNA occurs. The metabolite-nucleoside

complexes can be resolved into at least nine distinct peaks by elution of a

Sephadex LH20 column with a water -methanol gradient. These peaks are arbi-

trarily designated A (most polar) through I (least polar) . (14) With the

use of synthetic and biologically produced metabolites, seven of nine peaks

are tentatively assigned to one or more metabolites of BP . Peaks A and C are

unidentified. Peaks B, D, F, and I include products of BP quinones that are

further metabolized. Peak E reflects almost exclusively both the cis - and

trans- 7, 8-diol 9, 10-epoxides of BP. Peak G represents predominantly the K-

r eg ion metabolite (the 4,5-oxide), interacting with one or more nucleosides.

Peak H comprises reactive intermediates resulting from the further metabolism

of BP phenols. The 7,8-oxide and the 9,10-oxide contribute to peaks E, F, G,

and H. (15) BP thus may be metabolized to four different "types" of reactive

intermediates capable of binding to DNA: (a) primary arene oxides, (b) diol
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epoxides, (c) phenols oxygenated further, and (d) quinones oxygenated furthe'^
(or quinone-derived free radicals) . These last three types of microsomally
activated intermediates are therefore the result of two- or three-step
enzymatic processes in which cytochrome P-450-mediated monooxygenations occur
at least twice. (16) MC, TCDD, phenobarbital, Aroclor 1254, pregnenolone-
16a-carbonitrile, or ethanol was administered J^ vivo to genetically
"responsive" C57BL/6N or "nonresponsive" DBA/2N mice in an attempt to under-
stand and identify increases or decreases in reactive BP intermediates that ^^
bind to DNA. Rises or falls in these peaks are also noted when liver micro-^
somes from control or MC-treated C57BL/6N or DBA/2N mice were incubated
in vitro with [^H]BP and microsomal enzyme inhibitors such as a-naphthof lavone,
metyrapone, or cyclohexene oxide. All of our interpretations concerning the
binding of metabolites to DNA are consistent with non-K-region oxygenation of

BP being mediated predominantly by cytochrome(s) Pi-450 and K-region oxygena-
tion of BP being catalyzed predominantly by form(s) of P-450 other than Pi_-450.

(17) All of our biological perturbations are consistent with the following
assignments. The major reactive intermediate of BP contributing to each peak
is suggested to be: peaks A and C, an unknown dihydrodiol oxide; peaks 3, D,

F, and I, quinones oxygenated further (or quinone-derived free radicals);
peak E, both cis- and trans- 7 , 8-diol-9 , 10-epoxides ; peak F', the 7,8-oxide;
peak G, the 4,5-oxide; and peak H, an unknown phenol oxide. The DNA nucleo-
sides are not identified in this study. Of the ten peaks listed here, it is

of interest that the major metabolite(s) contributing to eight of the peaks
(all except peaks F' and G) involve(s) more than a single monooxygenation by
forms of cytochrome P-450. (18) The carcinogenesis index of subcutaneous
BP-initiated fibrosarcomas in the genetically "responsive" C3H inbred mouse ^
strain is more than five times higher, and about 15 times higher, than that
in the "responsive" C57BL/6 and the "nonresponsive" DBA/2 strains, respectively.
Carcinogenesis indices involving F^ hybrids of these strains indicate that
additional genes besides the Ah locus may cause a particular inbred strain to

be more sensitive, or resistant, to BP-initiated tumors than would be expected
solely on the basis of AHH inducibility . (19) The DNA-bound BP metabolite
complexes generated by mouse liver or skin microsomes ±n vitro can be resolved
into at least nine distinct peaks by elution of a Sephadex LH20 column with a

water-methanol gradient. Eight peaks, shown previously to be associated with
increased hepatic cytochrome Pi-450 content, are greater with liver microsomes
from genetically responsive C3H and C57BL/6 inbred strains and the (C57BL/6)-

(C3H)Fi, (C3H) (DBA/2)Fi, and (C57BL/6) (DBA/2)Fi hybrids than from the geneti-
cally nonresponsive DBA/2 inbred strain. All nine peaks are greater with skin
microsomes in vitro from C3H and C57BL/6 than from DBA/2 mice. (20) BP

mutagenicity ±n vitro with Salmonella typhimurium tester strain TA98 is

increased 5- to 6-fold with liver microsomes from C3H and C57BL/6 inbred mice
and the three F^ hybrids mentioned above, compared with liver microsomes fromj|

DBA/2 mice. Similar genetic differences in BP mutagenesis with the bacterial"
tester strain TAIOO are also seen. (21) DNA "repair"—as measured by the rate

at which DNA-bound BP 4,5-oxide and the 7 , 8-diol-9 , 10-epoxides are removed

from mouse skin DNA— is not significantly different between C3H and C57BL/6
mice. The K-region oxide appears to be removed from DNA nucleosides, however,
at least twice as rapidly as the 7 , 8-diol-9, 10-epoxides . (22) Our data thus

demonstrate a strikingly good correlation between genetically determined in-
creases in peaks representing Pi^-450-catalyzed BP metabolites bound to DNA ^
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and BP mutagenesis in vitro . Neither of these in vitro parameters, nor DNA
repair in mouse skin ±n vivo , however, explains the 5- to 6-fold difference
in BP carcinogenesis index between the two genetically responsive strains,
C3H and C57EL/6. (23) The metabolism of various carcinogens and other
chemicals by genetically regulated increases in cytochrome P^_-450 content was
studied with the use of liver from MC-treated C57BL/6N and DBA/2N mice. Genetic
differences are seen in the DNA binding of metabolites in vitro for: dibenzo-
[a,h]anthracene, benzo [ajanthracene, BP , MC, DMBA, 2-acetylaminof luorene, and
dopamine (approximately in descending order); any difference for dibenzo[a,c]-
anthracene or benzidine is very small. Marked genetic differences are observed
in the mutagenicity (with Salmonella typhimurium tester strains TA1538, TA98

,

or TAIOO) in vitro for: 6-aminochrysene, dibenzo [a, h]anthracene, dibenzo [a, c]

-

anthracene, 3-naphthylamine, MC, 2-acetylaminof luorene, BP , benzo [a] anthracene
and a-naphthylamine (approximately in descending order); the difference for
DMBA is very small. Important discrepancies for certain carcinogens therefore
exist between genetic differences in metabolites binding to DNA and genetic
differences in the metabolites causing mutation in this bacterial in vitro
assay. (24) Sonicates of human cultured lymphocytes metabolize BP~to at
least two intermediates that bind covalently to deproteinized DNA in vitro.
The major peak represents the 4,5-oxide bound to nucleoside(s) . No~~corr elation
is found between "AHH activity" (or its inducibility) and BP metabolites
generated by human lymphocytes and bound to DNA in vitro. Human liver micro-
somes produce ui vitro at least six such reactive intermediates which, bound
to deproteinized DNA nucleosides, are separable by chromatography. The major
peak represents the 7 , 8-diol-9, 10-epoxides bound to nucleoside(s) : this highly
reactive intermediate is believed to be one of the ultimate carcinogenic forms
of BP, (25) A high dose of TCDD (60 or 100 '^g/kg) is known to induce AHH
and cytochrome Pi-450 in the liver and in numerous nonhepatic tissues of both
genetically "responsive" C57BL/6 and genetically "nonresponsive" DBA/2 inbred
mice. A low dose of TCDD (1 ug/kg) is known to induce AHH and Pi -450 in the
responsive C57BL/6 tissues but not in the liver and only very little in non-
hepatic tissues of the nonresponsive DBA mouse strain. In the liver of either
strain of mice 12 to 48 hours after the high dose of TCDD, the magnitude of
increase in AHH is many times greater than any change seen in hepatic epoxide
hydrase, glutathione S-transf erase, or UDP glucuronosyltransf erase. The
kinetics of AHH induction in skin and subcutaneous tissue after subcutaneously
administered TCDD is very similar to that in liver of these mouse strains, and
the magnitude of AHH induction in skin and subcutaneous tissue is much greater
than that in liver. (26) At an intraperitoneal dose which kills 30% to 70%
of the animals in each group of DBA/2 or C57BL/6 mice, TCDD causes no tumors
in the survivors 36 weeks later. Intraperitoneal TCDD, given to C57BL/6 mice
2 days prior to or simultaneously with subcutaneous MC, does not affect the MC
carcinogenesis index (which is about 60). Intraperitoneal TCDD, given to
DBA/2 mice 2 days prior to subcutaneous MC increases slightly the carcinogene-
sis index (from 5 to 10). Subcutaneous TCDD (100 yg/kg body weight) given
simultaneously in the same vehicle with subcutaneous MC to DBA/2 mice markedly
increases the carcinogenic index (from 5 to 38). (27) In this test system,
therefore, TCDD appears not to be carcinogenic. We conclude, however, that
TCDD is a cocarcinogen. We propose that the mechanism of action is to induce
AHH activity and its associated Pi-450 at the site of inoculation of MC in
genetically nonresponsive mice, thereby resulting in more efficient metabolic
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conversion of MC to 'the (proximal or) ultimate carcinogen. (28) The Ah^/AJ-y
inbred mouse strain and the Ah^/Ah^ heterozygote from the (C57BL/6) (DBA/2)Fi X
DBA/2 backcross are genetically responsive to MC . They both also develop,
within 6 hours after a large intraperitoneal dose of acetaminophen, an irre-
versible opacity in the anterior portion of the lens. Such cataract formation
does not occur in similarly treated nonresponsive inbred strains of nonrespon-
sive Ah'^/Ah^ individuals from the same backcross. Differences in acetaminophen
metabolism and toxicity are associated with the Ah locus in the mouse, and
differences in heritability at the Ah locus exist in the human. (29) Harma^
and norharman, two 6-carboline derivatives known to exist in certain foods
and to be formed during pyro lysis of tobacco and meat, were tested for mutagenic
activity in the presence of BP , mouse liver enzymes, and Salmonella typhimurium
TA98 ±n vitro . Both harman and norharman inhibit BP mutagenicity, BP metabolism
(as measured by AHH activity), and the binding of all BP metabolites to DNA
in vitro . Moreover, harman and norharman are quite toxic to cultures of

hepatoma-derived H-4-II-E and Hepa-1 established cell lines and therefore were
found to be very weak inducers of AHH activity. (30) With circular dichroism
studies one can detect directly both high spin (negative ellipticity peak at

385-395 nm) and low spin (negative ellipticity peak at about 418 nm) P-450
iron in liver microsomes from control, MC-treated, or phenobarbital-treated
rabbits. These data are consistent with a weak ligand such as oxygen, rather
than a stronger ligand such as nitrogen, in the sixth position of 6-coordinated
(low spin) ferric iron in P-450 ±n vivo . Type I substrates such as cyclohexane
or BP , when bound to P-450, change low spin P-450 iron to the high spin state.

Cyclohexane-bound high spin P-450 iron in vitro is more easily converted to

low spin iron by butanol-1 than is BP-bound high spin P-450 iron. (31) Liv^
microsomal proteins from phenobarbital-treated rabbits have a higher helical
content than those from either control or MC-treated rabbits. Cyclohexane
addition J^ vitro increases this helical character only in phenobarbital micro-
somes, indicating that one or more forms of phenobarbital-induced P-450 apo-
proteins is(are) more specific for cyclohexane binding and metabolism than

control or MC-induced forms of P-450. (32) Plasma hemopexin levels in mice
treated with polycyclic aromatic compounds such as MC or 3-naphthof lavone are

increased 71% to 160% in three inbred strains known to be "responsive" at the

Ah locus (C57BL/6N, C3H/HeN, and Balb/cAnN) and ranged from 14% to 60% in

three inbred strains known to be "nonresponsive" at the Ah locus (DBA/2N,

NZB/BLN, and NZW/BLN) . Phenobarbital treatment causes increases in plasma

hemopexin of similar magnitude in both aromatic hydrocarbon responsive and

nonresponsive mice. In Fo progeny from crosses between the C57BL/6N and

NZW/BLN progenitor strains, a correlation between inducible hepatic hydroxylase

and plasma hemope:<in concentrations could not be demonstrated, principally

because of the small magnitude in hemopexin induction. Plasma hemopexin rises

later than the initiation of the AHH induction process and therefore presumal^"

in response to increased heme synthesis—whether it is the genetically regul^
ed hemoprotein P-448 induction by polycyclic aromatic compounds or hemoprotein

P-450 induction by phenobarbital. (33) An association between hemopexin and

hydroxylase induction is not seen in H-4-II-E Reuber rat hepatoma cultures.

Hemopexin synthesis and secretion into the growth medium occurs in H-4-II-E

cells but is not detectable in HTC or Hepa-1 cultures. The rate of hemopexin

appearance in the culture medium is the same in benz [a] anthracene-treated as

that in control H-4-II-E cells, whereas the hydroxylase induction occurs pri-^
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marily in benz [a] anthracene-treated and not in control cultures. Daily changes
in growth medium result in greater intracellular hemopexin levels and a greater
rate of hemopexin secretion into the medium, compared with cells whose medium
was changed less frequently or not at all.

Significance to Biomedical Research and the Program of the Institute : The
cytochrome P-450-mediated monooxygenase systems metabolize steroids, chol-
esterol, fatty acids, indoles, sympathomimetic amines, and thyroxine, as well
as lipophilic foreign substrates. Administration of polycyclic aromatic hydro-
carbons to the pregnant animal produces induction of this enzyme activity in
the placenta and also transplacental stimulation of the hydroxylase in several
fetal tissues. Cigarette smoking is associated with increases in human pla-
cental AHH activity. Ingestion of charcoal-broiled beef by rats is associated
with increased intestinal metabolism of several drugs. We have demonstrated
that allelic differences at a genetic locus controlling concentration of a

receptor in the mouse is associated with: (1) increased susceptibility to
MC-initiated tumors; (2) decreased zoxazolamine paralysis time; (3) increased
susceptibility to DMBA-produced skin inflammation; (4) increased susceptibility
to acetaminophen-induced hepatic necrosis and cataract formation; (5) shortened
survival time, or (conversely) apparent protection, when large doses of poly-
cyclic hydrocarbons, lindane, or polychlorinated biphenyls are administered
intraperitoneally or orally; (6) apparent protection against aplastic anemia
and leukemia caused by oral BP ; (7) increased susceptibility to stillborns,
fetal resorptions, and malformations caused by MC or DMBA given to the pregnant
mother; and (8) increased ovarian toxicity (loss of primary oocytes) following
polycyclic hydrocarbon treatment. An increased incidence of lung cancer in
man has been correlated with living in highly polluted urban areas. It is

therefore possible that differences—caused by a very small number of genes— in
man are related to increased susceptibility to cancers, tissue necrosis, drug
metabolism, bone marrow disorders, and decreased life span caused by exposure
to foreign compounds.

These genetically mediated dissimilarities in xenobiotic metabolism may be a

useful probe in danonstrating differences in the rates of formation of certain
drug-produced birth defects. Consequently, studies involving the development
and extent of induction of mixed-function oxygenases in fetal tissues and in

the placenta during various periods of gestation, are relevant to the program
of this Institute in the following areas: (1) possible effects of environmental
pollutants (_i. e^.

,
polycyclic hydrocarbons and insecticides) and various drugs

on normal fetal growth and development and on the health of the pregnant
woman, (2) mechanisms of "pharmacological immaturity" of the premature and
newborn, (3) mechanisms of disease of the fetus and newborn concerning oxy-
genative and conjugative metabolism of normal body substrates such as steroids
and bilirubin, and (4) possible therapeutic and diagnostic procedures for
aiding and predicting pharmacogenetic defects in the fetus and neonate.

Proposed Course of Project : (1) Delineate further differences in the
mechanism(s) of monooxygenase induction by polycyclic aromatic compounds,
phenobarbital, and numerous other drugs and environmental pollutants, (2)

characterize specific and nonspecific binding of these various inducers to

subcellular sites, (3) examine the effects of hormones and nutrition on mono-
oxygenase induction and associated intermediary molecules of importance such
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as cyclic-AMP, cycllc-GMP, and polyamines, (^) study various inhibitors and W
activators of monooxygenase activity in cell culture, (5) determine differences
in metabolite formation, binding of reactive metabolic intermediates to DNA,
and biophysical characteristics of the enzyme active-site between control and
drug-treated animals or cells in culture, (6) compare these results in genetic
differences with contemporary models of mammalian gene expression and regula-
tion, and (7) search for drug metabolism parameters in cultured human lympho-
cytes or fibroblasts or in various excreta that might aid in predicting a ^ts
patient's response to a drug or class of drugs; clinical studies attempting W'
demonstrate an association with the Ah locus for retinitis pigmentosa, idio-
pathic aplastic anemia, childhood leukemia, and pediatric solid tumors are now
underway.
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show that two peaks of UDP glucuronosyltransferase activity are induced
certain aromatic compounds in hydrocarbon-responsive C57BL/6N mice and o

of activity is induced in hydrocarbon-nonresponsive DBA/2N mice. Approp
genetic crosses show that induction of the 10-day peaks in UDP glucurono
transferase is genetically regulated and is associated with the Ah locus
biochemical characterization and physiological significance of these two

ferases are under investigation. 54r

endogen-
process
xygena-
t oxides
t detoxi-
arene

s sub-
phenol s

to poteni

enzymes,
t phenol-

tudies
by

ne peak
riate
syl-

. The
trans-

PHS-6040



Project Description: • ZOl HD-001 37-04 D2

Objectives : The removal of many foreign lipophilic compounds from the body

requires both hydroxylation by monooxygenase activity and subsequent conju-

gation by sulfotransferase(s) or UDP glucuronosyltransferase(s) . With inbred

strains of mice and offspring from the appropriate backcrosses using two pro-

totypic strains, research in this Branch has established that induction of

several monooxygenase activities by aromatic hydrocarbon compounds is

genetically regulated by a single gene designated the Ah_ locus. More recent-^

ly, our studies have shown that induction of 4-methyl umbel 1 iferone-UDP glu- %
curonosyl transferase activity is also genetically mediated and is linked to

the Ah locus. The genetic linkage of these two functionally related membrane
bound enzymes suggests that coordinate control might occur through the common

intervening hydroxylated product of the monooxygenase activity which is also

substrate for UDP glucuronosyl transferase activity. Since monooxygenases are

important in the metabolism of drugs, carcinogens, and insecticides as well

as endogenous compounds as fatty acids and cholesterol, it was of interest

to investigate the extent to which monooxygenase is coordinated with UDP

glucuronosyl transferase activity during the metabolism of a known potential

carcinogen. Furthermore, carcinogenicity of benzo(a)pyrene, at least,

appears to be associated with oxygenation whereas conjugation of oxygenated

benzo(a)pyrene appears to be detoxifying. In vivo data indicate that in-

duction of the two enzymes systems are not necessarily coordinated through

a metabolite of monooxygenase activity. The primary objectives of this pro-

ject are (1) to delineate further the genetically mediated induction of UDP

glucuronosyl transferase (using substrates which are products of the

monooxygenase enzyme) in an attempt to determine substrate specificities ^
of induced transferase(s) for various phenols of benzo(a)pyrene. (2) to

explain further whether the parent polycyclic hydrocarbon or its oxygenated

intermediate is the proximal inducer of the transferase; (3) to determine

whether induced UDP glucuronosyltransferase, as assayed in vitro , reflects

the increased in vivo conjugation of certain endogenous and exogenous sub-

strates; (4) to exploit genetic differences in the conjugation of critical

substrates, as bilirubin; (5) to study the functional interrelationship
between UDP glucuronosyltransferase and various P450-mediated monooxygenases

in the detoxification of various drugs in vivo in genetically different mouse

strains; (6) to use the bacterial mutagenesis system developed by Ames to

examine the effect of UDP glucuronosyltransferase on the mutagenicity of

certain compounds; (7) to attempt to use tissue culture techniques to study

the regulation of mammalian UDP glucuronyl transferase activity and the

interdependence in regulation of the transferase and the monooxygenase at

the molecular level; and (8) to apply tissue culture results and an in vitro

bilirubin conjugation assay for the purposes of establishing a bioassay for

"breast milk jaundice factor." m

Methods Employed : The principal methods to be employed are: (1) enzyme

assays using spectrophotometric, spectrophotofluorometric, radiometric

determinations of product or disappearance of substrate, (2) radiometric

measurements using tritium and carbon-14, (3) cell culture techniques, (4)

differential centrifugation, (5) phase microscopy, (5) high pressure liquid

chromatography, and (7) column chromatography, and (8) variable temperature

regulators. |
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Major Findings : Low concentrations of 1-hydroxy- and 3-hydroxybenzo(a)pyrene
in the presence of NADPH and liver S-9 fraction from 3-methylcholanthrene-
treated C57BL/6N mice are as much as 3-fold more mutagenic than benzo(a)-
pyrene in the bacteria Salmonella typhimurium LT^ tester strain TA98. The
level of mutagenicity rises with increasing phenol or S-9 protein concentra-
tion. In this system, 9-hydroxybenzo(a)pyrene is slightly mutagenic while
2-hydroxy-, 7-hydroxy- and 12-hydroxybenzo(a)pyrene are not mutagenic. S-9
fraction from 3-methylcholanthrene-treated DBA/2N mice or phenobarbital-
treated C57BL/6N mice does not support significant levels or mutagenesis.
The high level of mutagenicity by 1-hydroxy- or 3-hydroxybenzo(a)pyrene is

inhibited by a-naphthoflavone but is not inhibited by metyrapone, 1,2-epoxy-
3,3,3-trichloropropane or glutathione. The substrate for UDP-glucuronosyl-
transferase, UDP-glucuronic acid, prevents more than half of the mutagenicity
caused by the further metabolism of 1-hydroxy- and 3-hydroxybenzo(a)pyrene.
The combination of UDP-glucuronic acid and UDP-N-acetylglucosamine gives an

even higher level of protection. The addition of the substrate for sulfo-
transferase(s) ,

3' -phosphoadenosine 5' -phosphatesulfate, also prevents about
half of the mutagenesis caused by 1-hydroxy- or 3-hydroxybenzo(a)pyrene.

In the presence of NADPH and microsomes from 3-methylcholanthrene-treated
C57BL/6N mice, (3H)3-hydroxybenzo(a)pyrene is metabolized to reactive inter-
mediates which covalently bind to deproteinized salmon sperm DNA in vitro .

Enzymatically digested DNA, containing bound (3H)3-hydroxybenzo(aypyrene deri-

vatives, generates an elution profile from Sephadex LH20 chromatography
which resembles similar chromatograms with (3H)benzo(a)pyrene. All peaks
resulting from {3H)benzo(a)pyrene activation appear to be prominently rep-
resented in (3H)3-hydroxybenzo(a)pyrene activation, except several peaks are

much reduced which emerge near the end of the eluting gradient of methanol
and water. Notably, a peak designated E and attributed to benzo(a)pyrene-7,
8-diol-9,10-oxide binding in (3H)benzo(a)pyrene incubations, is also promi-
nently represented in incubations with (3H)3-hydroxybenzo(a)pyrene. Radio-
activity in all of these peaks is effectively inhibited if one-seventh the

concentration of l-hydroxybenzo(a)pyrene is included in the incubation with
(3H)3-hydroxybenzo(a)pyrene. Microsomes from 3-methylcholanthrene-treated
DBA/2N mice cause insignificant binding. All peaks except E, are markedly
reduced by UDP-glucuronic acid or 1 ,2-epoxy-3,3,3-trichloropropane.

9-Hydroxybenzo(a)pyrene is further metabolized to DNA binding species by

microsomes from either 3-methylcholanthrene-treated DBA/2N or C57BL/6N mice.

UDP-glucuronic acid prevents about 50°o of the binding with microsomes from

DBA/2N mice but riot_ with microsomes from C57BL/6N. In contrast, UDP-glu-

curonic acid does prevent binding in some of these same peaks when (3H)benzo-
(a)pyrene is the starting substrate with microsomes from C57BL/6N mice. UDP-

glucuronic acid does not prevent binding in peak E in incubations with (^H)-

benzo(a)pyrene or (3H)3-hydroxybenzo(a)pyrene. These data indicate that

benzo(a)pyrene phenols, generally considered innocuous, may be metabolized to

highly reactive species by tissues which contained constitutive or induced

cytochrome Pi-450 dependent monooxygenase activity. Furthermore, the sus-

ceptibility if an organ or tissue to carcinogenesis by benzo(a)pyrene may

in part relate to the relative balance between the level of cytochrome Pi-450
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activity and the level of UDP glucuronosyl transferase activity and/or sulfo-^
transferases.

Further studies with the endogenous substrate, bilirubin, show for the first

time that a single injection of 3-methylcholanthrene or 2,3,7,8-tetrachloro-
dibenzo-£-dioxin (TCDD) causes an early peak of liver bilirubin UDP glucuron-
osyl transferase activity at 5 days and a late peak at about 10 days in certain
inbred strains of mice. In some strains of mice, only the early peak of ^
activity emerges after treatment. In treated offspring from the appropriate'^
backcrosses and intercross between C57BL/6N (responsive for both peaks) and

the DBA/2N (responsive for the 5-day peak), a pattern of additive inheritance
for induction of bilirubin UDP glucuronosyltransferase activity exists for

the late peak. Furthermore, induced transferase activity for the 10-day peak

is associated with the Ah_ locus among the various offspring from the back-

crosses and intercross of C57BL/6N and DBA/2N mice. In all mice tested the

5-day peak is equally inducible. Experimental evidence indicates that both

peaks of activity are glucuronidating enzymes and not trans -glucuroni dating

activity. The two peaks of activity have been characterized with respect to

kinetic parameters, inhibitory activity by various acceptor substrates, pH

optima, and detergent effects. The evidence suggests that more than one

bilirubin UDP glucuronosyltransferase activity exists in mice.

The physiological significance of two inducible peaks of bilirubin activity

in certain strains of mice and only one in other strains is not known. The

finding suggests however that C57BL/5N mice can better tolerate a bilirubin

load compared with DBA/2N mice. In vivo experiments will be designed to

study the rate of bilirubin synthesis in the two mouse strains. The genetic

variance in the second peak of inducible transferase activity for bilirubin

may be analogous to the Type I genetic disorder in bilirubin transferase de-

scribed in humans and designated a form of the Crigler Najjar syndrome. The

pattern of inheritance for the Type I disorder is autosomal recessive, and

patients are nonresponsive to phenobarbi tal treatment. Based on the respon-

siveness of the Ah locus to aromatic hydrocarbons and not phenobarbital , the

genetically regulated bilirubin transferase in mice again resembles charac-

teristics of the human Type I disorders. The extent to which this genetic

model in mice resembles the Crigler Najjar syndrome in humans will be further

explored.

In Cell Culture - 4-Methyl umbel 1 iferone UDP glucuronosyltransferase activity

in the rat Reuber hepatoma H-4-II-E established cell line is induced 1.5- 4-

fold by a number of aromatic compounds, including benzo(a)pyrene, benz(a)-

anthracene, TCDD, 3-methylcholanthrene and 3-naphthoflavone, by phenobarbital

and by the biogenic amine, isoproterenol. The 6,12-quinone of benzo(a)pyren^
induces transferase activity while the 1,6- or 3,6-quinone, the 3-, 6-, 7- or

9-phenol and the 4,5- or 7,8-dihydrodiol are not inducers. Combinations of

phenobarbital with an aromatic compound cause additive effects on the level

of transferase activity comparable to that generated by the two inducers

alone. Combinations of two aromatic compounds do not produce additive in-

duction of transferase activity. TCDD in the presence of actinomycin D or

cycloheximide does not induce transferase activity; however, a 24-hour delay

in the addition of actinomycin to cultures containing TCDD does not affect <^
the further rise in transferase activity. Cycloheximide added simul taneous^
with TCDD prevents induction, but the replacement of cycloheximide with
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actinomycin D causes an even faster rise in activity than is seen by TCDD
alone. These results demonstrate: (a) that oxygenated products of benzo(a)-
pyrene are not necessarily transferase inducers, (b) that there is a striking
similarity in inducer requirements for the metabol ical ly coordinated enzymes,
aryl hydrocarbon hydroxylase and UDP glucuronosyl transferase, (c) that pre-

sumably induction of transferase by TCDD requires RNA synthesis initially
and protein synthesis continuously, (d) that the primary action of TCDD is

at the level of transcription.

Significance to Biomedical Research and the Program of the Institute : As

discussed previously, drug oxygenations and subsequent glucuronide conju-
gations are catalyzed by a membrane-bound multistep enzyme complex. These
enzymes are important in the process of detoxification and elimination of

many normal body constituents and many xenobiotics taken in from our environ-
ment in the form of food additives, air pollutants, and medication. There
are, as well, diseases of humans ascribed to defects (not well understood)
in drug-conjugating enzymes. Examples in pediatrics include neonatal hyper-

bilirubinemia, Gilbert's syndrome, and the Crigler-Najjar syndrome. There-
fore, the development of experimental model systems for understanding better
the molecular regulation and neonatal development of UDP glucuronosyl trans-

ferase is pertinent to the program of the Institute in the following areas:

(1) understanding the mechanisms of "immaturity of drug metabolism" in neo-

nates; (2) providing further experimental models for other human pharmaco-
genetic defects; (3) elucidating the basic enzymology of glucuronidating
drug metabolism in order to gain insight into the development of selective
inhibitors and stimulators of these drug conjugating enzymes that are useful

for beneficial regulation of abnormal metabolism peculiar to various human

diseases; (4) understanding metabolism of various drugs in the fetus, pre-

mature and the newborn.

Proposed Course of Project : (1) Extend studies on activation of benzo(a)-
pyrene phenols to mutagens and reactive metabolites, (particularly the car-

cinogenic 2-hydroxybenzo(a)pyrene) and the effect substrates for conjugation
has on activation of those phenols; (2) further exploration of the genetic
difference in response to aromatic hydrocarbon treatment between certain
inbred strains of mice to determine substrate preferences for the induced
transferase; (3) examination of urine and bile for glucuronides of labelled
exogenous substrates administered to treated responsive and nonresponsive
mice; (4) determination of time course for glucuronide and other metabolites
of the monooxygenase system, with a comparison of various carcinogenic and

noncarcinogenic polycyclic hydrocarbons in the two genetic strains of mice;

(5) further characterization of the transferase system in cell culture with
respect to macromolecular syntheses requirements, potential inhibitors, and

activators and general regulation at the molecular level; (6) determination
of bilirubin tolerance in responsive and nonresponsive mouse after hydro-

carbon treatment; (7) further examination of the effect of UDP glucuronosyl-
transferase on bacterial mutagenesis; (8) development of a useful bioassay
in cell culture for the quantitation of "breast milk jaundice factor" in

human breast milk samples from outpatients and/or inpatients; and (9) purifi-

cation of UDP glucuronosyl transferase, with the intention of developing an

antibody to the enzyme.
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^^P is ubiquitous in biological systems, and the ^^P NMR technique enables signal
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Project Description: |^

Objectives: To obtain reliable measurements of internal pH in cells and their

components. To understand the processes of membrane transport of ions and

protons, and the process of e:<ocytosis. To compare phosphate metabolism in

normal and diseased cells. To study the processes of phosphorylation of

important macromolecules ^^ situ .

Methods Employed : High field phosphorus-31 nuclear magnetic resonance ^
(31P NMR)

.

Major Findings : (A) Internal pH and State of ATP in Adrenergic Chromaffin
Granules Determined by -^P NMR Spectroscopy : The signals from ATP within
chromaffin granules can be used, in principle, to measure the intragranular
pH . In order to calibrate the ATP signals obtained from granules as a function
of pH, we have reversibly adjusted the internal pH of granules to different
values by adding weak acid (acetate), weak base (ammonia) or nigericin/K'*',

which equalize the internal and external pH values. Using this approach, the
complete titration curve of the y-phosphate (Py) of intragranular ATP was
measured by NMR between pH 3 and 8. This titration curve was quite different
from the simple curves of either Nat, Ca^"^, or Mg'"*" ATP in solution, or of ATP
in a physiologically stoichiometric mixture of granule lysate proteins,
epinephrine, calcium and magnesium. Instead, the curve of intragranular ATP
had two inflections of relative proportions ca. 1:2 with pK^ values 6.4 and
4.3, corresponding to the titrations of the terminal phosphate (Py) and the
purine ring nitrogen, respectively. In addition, the P--- resonance of intra-
granular ATP was shifted downfield by 2.2 ppm at the intragranular pH. The •
Py atom of internal ATP may experience the titration of the adenine ring and

the deshielding as a result of a close coplanar juxtaposition with the purine
ring. Such a conformation is found in crystalline ATP, but apparently not in

free solution. Using the new calibration curve, we found that the intra-
granular pH was 5.7, a value consistent with independent methods, and that
exposure of the granule to external MgATP caused the intragranular pH to decline
to 5.4. We also computed from the titration curve of internal ATP that the
internal pH was at a point at which ca. 95% of the Py was protonated to its
singly ionized form and 95% of the ring nitrogens were unprotonated in the
neutral form, leaving ATP with a minimum net charge. This presumably aids in
the packaging of high concentrations of ATP into the granules, and may relate
to the pH-dependence of granule function.
(B) Phosphate Metabolism in Mouse Cells : Preliminary results on cells and
perchloric acid extracts indicate a significant difference in the phosphate
(ATP, creative phosphate, etc.) metabolism of mouse cells after treatment with
interferon (10"^ M) compared to controls.
(C) P NMR Studies of DNA in Nucleosomes : Nucleosome cores are the fundamen^^
units of chromatin, consisting of a comple:< of a histone octamer and 140 base
pairs of DNA. We have measured '^P NMR parameters (Tj , T2 , NOE) obtained at
three observing frequencies (109.3, 40.0 and 24.3 MHz) for the DNA in nucleo-
somes from chicken erythrocytes, and for naked DNA derived therefrom. We have
also studied the effects of 8 M urea and the addition of high salt concentration
(2 M NaCl) on the ^^P NMR parameters. Our spectra, even for naked DNA, are
much broader than an earlier study carried out at 36.4 MHz (Cotter R I and
Lilley, D.M.J.

,
FEBS Lett . 82: 63, 1977) and our analvsis differs si-nif icanfA

from that of Kallenbach, N.R., Appleby, D.W. and Bradley, C.H. (Nature 272:

548



ZOl HD 00501-01 DP

134, 1978) carried out mainly at 145.7 MHz. We find an essentially linear
relationship of frequency to line width for the single broad unresolved envelope
of ^ P resonances. We attribute this largely to chemical shift dispersion,
rather than chemical shift anisotropy (CSA) , and find no evidence of as\Tninetry

in the peak within the accuracy of the method. The T^ values (>3 sec at 109.3
MHz) are longer than those reported by Kallenbach et_ £l . , and the Tj , T2 and
NOE values show consistent but small changes on removing the histones. We
are applying the theory; of relaxation in polymers worked out for other nuclei
to the case of ^^P, both for dipolar and CSA mechanisms, in order to correlate
the relaxation parameters observed. Preliminary analysis indicates that there
is considerable motion of the P nuclei within the nucleosome particles. Urea
causes a marked increase in line width at all frequencies, while further
addition of salt reverses the line width close to its original value. These
results suggest that the DNA is still bound to the unfolded histones in 8 M
urea, but is released upon increasing the ionic strength. Two temperature
transitions were also detected.

Significance to Biomedical Research and the Program of the Institute : Prior
attempts to measure internal cell pH have been difficult and intrusive. ^-P
NMR has provided a nonintrusive method, but until now the quantitation of the
method for ATP was incorrect. Now it should be possible not only to obtain
accurate values of internal pH , but from the methods developed here, a greater
understanding of ion transport through membranes and of the mechanism of
exocytosis. In a more general sense ^^P NMR is a very powerful technique for
studies of cell function, metabolism in diseased states, effects of drugs, and
processes of phosphorylation which are fundamental to such life processes as
gene function and muscle contraction.

Proposed Course : (1) Chromaffin cells from the adrenal medulla are being
investigated. It is important to distinguish whether or not mammalian cell
membranes are permeant to changes of pH in the external medium, as has been
claimed, (2) The preliminary results for mouse cells will be repeated,
particularly with perchloric acid extracts to obtain quantitative concentrations
of metabolites as a function of time following interferon treatment. Attempts
will be made to isolate and identify an unknown metabolite which is a major
metabolic component in these and apparently other cells, (3) A study of phos-
phorylation of muscle proteins (myosin) and/or histones will be attempted.

Publications

:

1. Pollard, M.B. , Shindo, H., Creutz, C.E., Pazoles, C.J., and Cohen,
J.S.: Internal pH and state of ATP in adrenergic chromaffin granules
determined by ^^P NMR. J. Biol. Chem ., in press, 1978.
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Neonatal and Pediatric Medicine Branch

The Neonatal and Pediatric Medicine Branch does research into the diagnosis,

treatment, and fundamental mechanisms of diseases of infants and children.
Included in the program are genetic diseases, inborn errors of metabolism,
nutritional deficiency states, congenital malformations, endocrine and metabo]*^'

disturbances of children, and effects of disorders of maternal origin on

the neonate. This group also studies normal mechanisms of infant and
child development.

The Section on Developmental Biology and Clinical Nutrition is studying
the mechanisms controlling phospholipid biosynthesis in various fetal
and adult organs. Primary emphasis is placed on the normal course of

events leading to activation during fetal development, of the enzymes
involved in phospholipid synthesis and the effects of nutrition during
the developmental period. These events are being studied using primates
during the developmental period. These events are being studied using
primates (African Green and Rhesus monkeys) , rabbits and rats as animal
models as well as cell cultures. The findings of the past years efforts
are summarized below.

a) Choline kinase isolated from rhesus monkey lung has been subjected
to kinetic analysis and found to be substrate activated, e.g. at concentratioi^L
of choline beyond 0.01 mM, increases of choline concentrations give more ^
than proportional increases in enz>Tne activity.

b) Choline kinase from rhesus monkey lung appears to have active
sites capable of binding both ethanolamine and choline, but with much
higher affinity for choline.

c) Inhibition studies with hemicholinium-3 suggest that there are
not separate active sites for choline and ethanolamine.

d) Choline kinase was also found to be activated by spermine,
spermidine and putrescene. This activation is over and above that
resulting from the presence of magnesium.

e) The activation of choline kinase by polyamines was found to be
highly pH dependent, the optimum pH being 8.5. Putrescene, in fact, was
inhibitory in the pH range of 6.5 to 7.3.

f) The effects of intrauterine growth retardation on choline
kinase was studied. It was found that the specific activity of choline
kinase in lungs of lUGR rat fetuses increased when compared to the
enzyme from normal fetal rat lungs. This increase in choline kinase was
not demonstrated in liver tissue of the same animals.

g) In collaboration with Dr. Paul di Sant Agnese's laboratory in
NIAMDD, the effects of steroids (dexamethasone , thyroxine and hydrocortisone) ^
on choline kinase from rat liver cells grown in culture was studied.
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Ethanolamine kinase was stimulated at optimum concentrations of dexamethasone
hormones, but choline kinase activity remained constant.

h) The fetal and adult lung choline, ethanolamine and metionine
concentration were determined. Choline concentrations were found to be

the same in adult and fetal lungs, whereas methionine and ethanolamine
contents were higher (2-3 fold) in fetal than in adult lungs.

i) Preliminary studies have demonstrated that in fetal rat brain
there is no change in the specific activity of choline kinase from 17

through 22 days gestation. The activity of this enzyme in livers of

some animals, however, increases 3-fold during this period.

Methods are being developed to diagnose Type II Glycogen Storage
Disease by assaying acid maltase activity in urine samples. The stability
of the enzymatic activity as well as defining specific inhibitors and
other interferring substances are underway. Characterization of the
acid maltase activity is being analysed as well.

Obese patients with and without the Prader-Willi Syndrome are being
investigatred to determine if normal diurnal endocrine responses are
present first in the obese state and then after weight reduction on a

ketogenic hypocaloric (500-600 calorie) diet. These studies are designed
to determine the role, of the hypothalamus in massive obesity.

The Section on Human Biochemical and Developmental Genetics investigates
human inborn metabolic disorders, with special emphasis on cystinosis
and other defects in sulphur amino acid metabolism. Exploration of the
molecular basis of these diseases and development of new therapeutic
modalities are major research goals. Other areas of interest include:
amino acid transport, lysosomal structure and function, role of amino
acids in fetal and neonatal nutrition, and the biochemistry of early
embryonic development.

Continuing investigations of glutathione metabolism in cultured human
cells and in animals have permitted certain observations regarding the
role of these enzymes and glutathione itself in biological processes.

We have shown that the adult form of glutathione synthetase deficiency
without acidosis is due to an altered mutant glutathione synthetase
which is unstable. Biochemical evidence for genetic heterogeneity among
different patients with glutathione synthase deficiency and oxoprolinuria
has been discovered. Successful correction of the abnormalities of

reduced intracellular glutathione content in the cells of patients with
glutathione synthase deficiency has been achieved 2_n vitro using a

mixture of serine and borate, which inhibits gamma-glutamyl transpeptidase
activity and normalizes intracellular glutathione levels. Evidence of

increased oxidative damage in cells of patients with glutathione synthetase
deficiency has led us to explore the effect of vitamin E both in vivo
and in vitro as an antioxidant in these patients. The possible therapeutic
benefit of such treatment is currently being examined.
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Studies of the heat stability of glutathione synthetase from different ^
human tissues in the presence or absence of glutathione have strongly ^
suggested that at least two forms of this enzyme are normally present in

normal man, one in red cells and another in kidney and fibroblasts.
However, more extensive investigations of partially purified glutathione
synthetase from human kidney and red cells indicate that in the partially
purified materials there is a close similarity between the red cell and

kidney enzyme with regard to heat stability in the presence or absence
of glutathione and in the effects of borate on the enzymes. It now ^^
seems less likely that evidence will be forthcoming in support of the ^^
hypothesis that there are at least two human forms of glutathione synthetase.

Alterations in the function of leukocytes from patients with oxoprolinuria
due to glutathione synthetase deficiency have been identified. These
have been related to altered microtubular function secondary to increased
peroxide production and decreased capacity to respond to generated
peroxide because of low intracellular glutathione levels. Related
studies on the phenomenon of "capping" in leukocytes of patients with
abnormalities in glutathione synthesis have helped to define the role of

oxidized glutathione in microtubule function.

Evidence has been generated that both in the adult form of glutathione
synthetase deficiency and in a chronic hemolyzing variant of glucose-6-
phosphate dehydrogenase deficiency the shortened red blood cell survival
in vivo can be significantly increased toward normal by treatment with
high doses of vitamin E. Studies on the possible efficacy of vitamin E ^^
in the more common forms of glucose-6-phosphate dehydrogenase deficiency ^P
(the Greek and Negro variants) are being undertaken in collaboration
with investigators within and outside the NICHD.

Developmental changes in the amounts of the enzymes of glutathione
synthesis and degradation and of intracellular glutathione content have
been documented in the pre- and post-natal liver and kidney of the rat.

The physiological significance of these alterations in intracellular
gluathione content are being explored.

We have just completed a controlled double blind trial of ascorbic acid

treatment on patients with cystinosis. The study demonstrated that

treatment with ascorbic acid was associated with a marginal worsening of

renal function in cystinotic patients, which led to a decision to terminate

the trial. Studies on the clinical efficacy of cystearaine in cystinotic
patients are being initiated in collaboration with other investigators.
It has already been demonstrated that this drug, in contrast to ascorbic
acid, is effective in reducing the intracellular levels of leukocyte ^k
cystine iri vivo .

We are investigating the activity of the enz>TTie system responsible for

generating endogenous cysteamine in cystinotic and normal cells. We
have demonstrated the enzyme pantetheinase for the first time in normal
and cystinotic tissues.

Our interest in platelet abnormalities in homocystinuria has led to flk

continued clinical observations of homocystinuric patients treated with
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anti-platelet agents. Our observations that thromboembolic phenomena

may continue during this treatment will be of interest in view of previous

claims of their total efficacy in preventing thromboembolism. In collaboration

with Dr. S. Harvey Mudd and other investigators we will be initiating
studies to compare the effectiveness of certain antiplatelet agents and

long term anticoagulation in patients with homocystinuria.

We have studied the capacity of homocysteic acid, which had been reported
to stimulate growth in hypophysectomized rats, to mimic the effects of

growth hormone. Our studies demonstrate that, in contrast to suggestions
of others, homocysteic acid is totally devoid of growth promoting effects
in the hypothysectomized rat as determined by failure to stimulate
tibial cartilage thickness, liver DNA polymerase activity, or serum
somatomedin levels.

Work is also continuing on non-sulphur amino acid inborn errors of

metabolism. A new form of phenylketonuria due to decreased intracellular
biopterin has been identified.

A new i^ vivo assay for phenylalanine hydroxylase activity has been
developed and tested. The assay involves the administration of minute
amounts of tritiated phenylalanine to patients under an approved protocol.
In three patients shown to have reduced phenylalanine hydroxylase activity
by classical methods, the new assay was successful in revealing differences
in residual phenylalanine hydroxylase activity.

After failing to document the effectiveness of high dose leucovorin
therapy in non-ketotic hyperglycinemia, we have undertaken the treatment
of a patient with this disorder using chronic strychnine administration.
It is too early to determine the efficacy of this new therapeutic approach.
We have also demonstrated that a treatment of a patient with nonketotic
hyperglycinemia with sodium valproate is not associated with further
increases in cerebrospinal fluid or plasma glycine, although the drug
has a hyperglycinemic effect in other individuals.

A new type of aminoaciduria in association with glucosuria has been
defined in a kindred.

A new syndrome of idiopathic pulmonary fibrosis and hyperuricemia associated
with renal disease and overproduction of uric acid has been identified
in a kindred. We have shown that the overproduction of uric acid is not
due to known enzymatic errors associated with urate overproduction.

We have made major efforts to see whether the incorporation of human
genes into mammalian cells is feasible when human chromosomes are incorporated
into soft liposomes (lipochromosome) . We have demonstrated the feasibility
of producing lipochromosomes and have used them to transfer three human
X-linked genes with higher frequencies than have been previously reported.
This technique represents a substantial improvement over existing methodology
in the field of gene transfer.

The involvement of amino acids in fetal growth and nutrition in the rat
model has been explored. We have demonstrated and quantitated reduced
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transfer of marker sugars and amino acids into rat fetuses in which |^
intrauterine growth retardation was produced by ligation of one uterine ^^
artery. Fetal tissue distribution of these labelled precursors has also

been determined. We have also demonstrated that maternal glucocorticoid

administration in the growth retarded rat model results in changes in

fetal amino acid metabolism compatible with increased gluconeogenesis

.

We have examined the effects of partial maternal nephrectomy in the rat

on fetal development. Pair feeding experiments have demonstrated that ^k
the reduction in fetal size associated with maternal azotemia is a ^^
consequence of the reduced maternal food intake rather than a specific

effect of a moderate degree of renal insufficiency. The studies extend

the work of others on importance of nutrition in post natal growth

during renal insufficiency to the prenatal period.

We have developed a selective system for cystinotic cells in culture,

demonstrating that cystinotic and normal cells differ substantially in

their sensitivity to high concentrations of extracellular cysteine.

This represents one of the very few examples of a selective system for

cells derived from patients with inborn errors of metabolism.

A patient with a new genetic disease associated with extensive ectopic

calcifications has been identified. We have demonstrated that the cells

of this patient produce calcified products j^ vitro and undergo aberrant

differentiation in the direction of osteoblasts under tissue culture

conditions. Factors that may modify such abnormal differentiation in ^L

vitro (such as BUDR) are being investigated in this system. W
Studies with inhibitors of the transpeptidase which breaks down intracellular

glutathione have led to investigations of phosphorylated intermediates
which may act to regulate transpeptidase activities in cellular membranes.

Phosphoserine and certain phospholipids have shown interesting effects

in this system. This work is being further explored.

In the area of basic cellular genetics an additional study relates to

certain aspects of the biochemistry of meiosis. In particular we are

examining male and female meiotic stages for the presence of enz^vniies

capable of producing single and double stranded nicks in closed circular

DNA. A highly sensitive and specific assay for seeking the presence of

such enzymes has already been developed.

In the area of prenatal diagnosis, the detection of twins with the

adrenogenital syndrome has been performed by the determination of 17-

hydroxy-progesterone and androstendione levels in amniotic fluid. In ^
addition a patient with a unique X chromosomal rearrangement has been

identified prenatally and studied postnatally in an attempt to learn

more about the effect of internal rearrangements of the X chromosome on

its function.

Studies will continue to focus in two major areas. First is the metabolism
of amino acids, especially sulphur containing amino acids and peptides

in inborn errors of metabolism involving these compounds. The second ^
focuses on amino acids as they relate to nutritional problems in intrauterine
and postnatal growth. --,



The Section on Gastroenterology and Nutrition 's primary goal of the

laboratory has been directed to the study of differentiation of the

intestinal epithelial cell by (a) cell and organ culture of the rabbit

(b) examination of the fetal and adult cytoplasmic phosphoproteins from

dissociated rat cells and (B) measurement of the microviscosity of the

rat intestinal cell membranes in the crypt, junctional area and villus.

(a) The crypt zone is the source of the stem cells of the intestinal
epithelium. Therefore a marker was needed to identify crypt cells from
more mature intestinal epithelial or other cells in this organ. The
following results have indicated that the brush border enzyme sucrase-
isomaltase (SI) can uniquely identify the crypt cell. Cryostat sections
of the adult rabbit jejunum obtained from the depths of the crypt zone
reveals intestinal cells uncontaminated by more mature intestinal epithelial
cells which have zero SI activity. Intestinal cells from the adult
rabbit jejunum obtained by sequential dissociation by a modification of

the Weiser method reveals a gradient of SI specific activity which
decreases markedly from the villus to the crypt. These cell fractions
were sonicated and the supernatent proteins were applied at equal protein
concentrations to polyacrylamide gel electrophoreses without SDS for

protein separation. Prominent SI bands were seen in both villus and
crypt cell gels. Elution of the sucrase protein from the gel revealed a

20 fold decrease of SI specific activity from the villus to the crypt
despite comparable SI protein values. Thus the crypt cells contain SI

protein without enzymatic activity.

Pure rabbit sucrase has been isolated from the brush border membranes by

papain digestion, ammonium sulfate fractionation, sephacryl column
affinity chromatography, and preparative polyacrylamide gel electrophoresis
with the SI band eluted and uncontaminated by glucoamylase or other
proteins. A SDS polyacrylamide gel of our SI enzyme reveals a single
band. This protein was injected into a goat to obtain SI antirabbit
antibody. Plasma harvested from the goat, fractionated for the gamma
globulin fraction contains an antibody which precipitates our sucrase
enzyme. Sections of the rabbit intestine, examined by the indirect
fluorescent antibody technique using our SI antibody reveals the presence
of SI antigen to the very depths of the crypt on all intestinal epithelial

cells, except for goblet cells which do not have a brush border. Fluorescence
is visualized only on the brush border of villous cells but is seen both

on the brush border and other cytoplasmic structures in the crypt cells.

Uncut crypt cells obtained by dissociation reveal only SI antigen on the

brush border by the same fluorescent antibody technique. Therefore an

unique marker system, SI antigen, has been obtained for the rabbit crypt

cell.

The rabbit was chosen as our experimental animal as opposed to the rat

because of 1) success in both our lab and others to obtain viable organ

cultures for 72 hours which cannot be obtained in the rat 2) more intestinal
cells to work with from both the adult and fetal rabbit and 3) cross-

reactivity of rabbit SI with human SI with an outlook to the future for

clinical application of our methodology. To obtain rabbit intestinal
cells sequentially from the villus tip to the crypt, the jejunum is

everted over a glass rod, inserted into a sterile plastic conical centrifuge
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tube containing EDTA, citrate and dithiothreitol and slowly agitated on ^
a vertex in a 37 incubator. Cell fractions are obtained at 15, 30, 45, ™
60, 90, 120, and 150 minutes. Decreasingly mature crypt cells are
obtained from 60 minutes through 150 minutes. Viability of these cells
by trypan blue exclusion ranges from 60 to 80%.

Infection of the cells by bacterial or fungus has been prevented by
gentimycin, penicillin, streptomycin and fungizone in Hams F K media
containing 20% fetal calf serum, glutamine and insulin. The next problem ^
to be solved was to obtain a surface for attachment of single intestinal "
cells. No success was obtained in plain plastic dishes or polylysine
coated plates. Concanvalin A (Con A) coated plates worked somewhat
better but was not satisfactory. The best results have been obtained
with a coating of Con A followed by a saturation of their receptors with
mannosylpyranoside (M) . Cells incubated with saline show increased
attachment to Con A M. Intestinal cells incubated with mannoside show
no increased attachment thus the intestinal cells attach to Con A M
because of mannoside receptors on the membrane surface. Attached intestinal
cells in culture remain viable (90%) by trypan blue exclusion. The
crypt cells have been sustained in 95% 0^ 5% CO^ for up to three weeks
but have not demonstrated any ability to~prolif erate or differentiate
except that cells detaching from the culture plate at 72 hours from the
most immature crypt cell fraction have demonstrated mature SI specific
activity.

(b) Cyclic AMP has been reported to induce the differentiation of ^
transformed cells in culture. In addition it has been suggested that %
regulatory hormones as well as cyclic nucleotides achieve certain of

their biological effects by altering the degree of phosphorylation of
specific cytoplasmic proteins. We were interested in explaining whether
some specific changes in cytoplasmic protein phosphorylation could be
induced by cyclic nucleotides in fetal, infant, and adult rat villus and
crypt cells. Fetal and proliferating cells in the infant and adult have
a cytoplasmic protein (F) which is phosphorylated in the presence of CAMP.
Another protein with a Reference of 0.46 (V) is not seen in the
fetus but is more associated with differentiated cells in the infant and
adult rat. This protein is also phosphorylated in the presence of CAMP.
No significant response of any cytoplasmic protein was found with CGMP

.

Major binding of CAMP and CGMP occurs with the V protein but not the F

protein. We plan to further characterize F and Va proteins by a number
of procedures including isoelectric focusing and examine these phosphoproteins
in a more dynamic state such as cell and organ culture.

(c) The microviscosity of villous and crypt cells was examined on J
crude brush border specimens from the adult rat jejunum by fluorescent
polarization. Microviscosity is higher in crypt brush borders than
villus brush borders.

In the Unit on Neonatal and Pediatric Mineral Metabolism , interests
center on metabolic and nutritional aspects of growth and development,
mineral metabolism in infancy and childhood (both in healthy children
and during various disease states) , and endocrine functions occuring 4
between conception and the attainment of adulthood. With an increasing
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awareness of the marked perturbations which occur in mineral metabolism

at the time of birth, and of the metabolic bone disease which many

children experience, we have embarked upon a series of studies to define

and better treat disorders in mineral homeostasis. Clinical parameters

of skeletal metabolism are also being studied simultaneously. Using

measurements of serum alkaline phosphatase, calcium, phosphorus, magnesium,

zinc, copper, total protein, albumin, pH, and ionized calcium, and

urinary hydroxyproline, calcium, phosphorus, and creatinine, we are able

to examine many aspects of mineral metabolism.

Use of stable isotopes and non-invasive urinary collection techniques

have markedly improved our understanding of mineral kinetics, particularly

calcium. In studies of calcium kinetics using stable isotopic tracers, newborn

infants have been compared to the adult. Excessive endogenous calcium loss

was found to occur in the infant and has led to further studies in the infant

nonhuman primate which we have shown to be a suitable model. Our findings

suggest that endogenous fecal calcium loss is a passive process and that

balance is controlled primarily by absorption and secondarily by urine

excretion in the normal newborn. These stable isotope tracer methods

have also been used to study the effect of ascorbic acid in osteogenesis

imperfecta in infants. Although there is clinical evidence of a possible

beneficial effect, we could not demonstrate this kinetically.

Work will continue on characterizing the nutritional status of infants

and children with disorders compromising the assimulation or utilization

of key dietary minerals. Rhesus monkeys and rats will be used as

animal models to further define the differences in calcium metabolism

found between newborns and adults. Stable isotopic techniques will be

applied to infants and children with various disorders of mineral metabolism

to determine their kinetic characteristics and improve upon current

modes of therapy. Our studies of mineral metabolism will include calcium,

zinc and other trace elements.
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Lung surfactant production in the developing fetus is being studied by
[assessment of its principal phospholipid component, phosphatidylcholine (PC)

JThe primary mechanism for lung PC synthesis has been identified as the
choline pathway . The first enzyme of this pathway, choline kinase , has been
shown to be substrate activated. The choline concentrations in the fetal lungJjk
have therefore been determined at various gestational ages. The enzyme was
also demonstrated to be activated by polyamines . Lung PC concentration
and choline pathway rates have been shown to increase during the latter 10-20%
jof gestation in many fetal species. These changes may be induced by
[administration of corticosteroids. As the polyamines have been demonstrated
[to be mediators of hormone action in other developing tissues, a similar
mechanism may exist in lung. Thus, corticosteroids, mediated by polyamines,
pay provide the stimulus for PC biosynthesis. Promising data from clinical M
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jof the respiratory distress syndrome of human neonates.
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Project Description:

Obj ectives : Studies on organ development have focused on fetal and neonatal
lung as related to the respiratory distress syndrome (RDS) of human neonates.
This disorder occurs in low birth-weight infants, is characterized by progres-
sive pulmonary atelectasis, and accounts for greater mortality and morbidity
than any other neonatal disorder or pediatric pulmonary disease. It has be-
come clear in the past several years that a decrease in the concentration of
lung surfactant (composed primarily of highly saturated phosphatidylcholine)
is of importance in the development of RDS. By inference, a decreased rate
of pulmonary surfactant production is the likely pathogenetic factor. In

order for the neonate to avoid respiratory insufficiency, it appears essential
that the fetal lung in late gestation increase its capability for phosphatidyl-
choline (PC) synthesis and elevate the concentration of stored surfactant in

type II alveolar pneumonocytes . Thus, pulmonary phospholipid metabolism in

the fetus must be carefully controlled such that acceleration is initiated at

the proper time in gestation. Accordingly, our studies have been directed
toward elucidating: (1) the gestational timing of increased pulmonary sur-
factant; (2) the biochemical mechanisms by which PC production is regulated;
and (3) the role of maternal nutrition in fetal pulmonary surfactant production.
Investigations are being carried out with various lung preparations including
the intact organ, tissue slices, homogenates, and cells in tissue culture.
The key question of what factors regulate phospholipid metabolism is being
approached by studies on the enzymes involved in PC synthesis. The role of
hormones, such as Cortisol, in controlling biochemical development of the
lung is being assessed in various models.

Methods Employed : PC synthesis is measured using isotopic techniques in con-

junction with thin layer chromatography. Activities of the enzymes of the

choline pathway are measured by techniques using labelled substrates and

chromatographic methods of product isolation. Isolation of choline kinase
has been carried out by a combination of protein purification methods . Fetal

lung organ culture techniques are being developed to study the effects of

corticosteroids on PC synthesis. The effects of nutrition on pulmonary PC

synthesis were examined by experimentally inducing intrauterine growth
retarded rat fetuses. The lungs of these fetuses were then analyzed for

total tissue weight, PC content and choline kinase specific activity at

various gestational ages.

Major Findings : Regulation of PC Biosynthesis.
The availability of choline kinase, the 1st enzyme in the choline pathway,

has made possible detailed in vitro studies of the kinetic behavior of, the

enzyme. Choline kinase possesses two Km values for choline, 3.0 X 10 M

at high choline concentrations, and 5.8 X 10 M at low choline concentrations.
The enzyme is apparently activated by choline itself when choline is present in

excess of 0.1 mM. The choline concentrations in fetal lung were determined,

however, and found to be approximately 0.04 miM, so that the higher Km

probably prevails only in vitro under artifically high choline and ATP-Mg
concentrations. The enzyme was also found to be activated by the polyamines,
putrescene, spermine and spermidine. The polyamines have been shown to be

associated with actively growing tissue and thus may play a role in the

regulation of PC synthesis in fetal lung.
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Effects of Nutrition on Pulmonary PC Biosynthesis.

Choline kinase was demonstrated to be significantly increased in
intrauterine growth retarded fetuses of 20 and 21 days gestational age. The
lung to body weight ratios were lower in the growth retarded fetuses at
day 18 in term; at days 19, 20 and 21 these ratios returned to control
values. Lung PC content per cell in the growth retarded fetuses showed
no significant difference from the controls at term. ^
Significance to Biomedical Research and the Program of the Institute : Prior
to 1971, despite the overwhelming importance of the respiratory distress syn-
drome as a public health problem, very little was known in general about lung
biochemistry and in particular about the synthesis of surface active phospha-
tidylcholine by fetal and newborn lung tissue. In order to study the metabolic
disturbances leading to this disease, basic features of phospholipid metabolism
in lung must be identified, particularly those factors which play a regulatory
role. Our studies thus far have indicated that the choline pathway is princi-
pally responsible for the synthesis of surface active phosphatidylcholine.
Increases in .the rate of this pathway in late gestation correlate with develop-
ment of pulmonary functional maturity. An analysis of available data of the
PC pathway enzymes for near-equilibrium and far-from-equilibrium reactions
indicates that choline kinase is a rate-limiting step in this pathway.
The fact that polyamines have been demonstrated to affect the activity of
choline kinase leads to the possibility of changing levels of these compounds
controlling the activity of choline kinase and subsequently the rate of PC
biosynthesis. The polyamines have been demonstrated to be mediators of ^
cell-hormone interactions. Corticosteroids have been identified as agents
capable of promoting lung PC synthesis and thus could be regulating pathway
rates through changing the levels of the polyamines. Promising data from
clinical trials elsewhere suggest that corticosteroid agents may be useful in
prevention of neonatal respiratory distress syndrome. Defining the bio-
chemical mechanism of control of PC synthesis may be useful in finding a
rational approach to the prevention of neonatal respiratory distress syndrome.

Proposed Course of Research :

The fluctuations in concentrations of polyamines in fetal lung tissue
at various gestational ages will be studied to determine if in fact, these
compounds play a role in the induction of fetal surfactant synthesis.
Fetal lung organ cultures will be used to study the effects of Cortisol on
polyamine levels and PC biosynthesis directly. The effects of maternal
diabetes on the timing of fetal PC biosynthesis will also be investigated.
To this end, the effects of insulin on PC biosynthesis will be studied
in this organ culture system. •
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We are studying metabolic changes which occur as an individual develops
from a fetus to a mature adult. We are currently focusing on two areas: 1)

monthly gonadotropin cycles in premenarchial girls and pubescent boys utilizing
radioimmunoassay methods for measuring urinary luteinizing hormone and urinary
follicle stimulating hormone and analyzing the data with autoregressive computer
techniques , and 2) mineral metabolism in the monkey fetus and human newborn .

Calcium kinetics are studied in the patients using stable calcium isotopes ana-
lyzed in the laboratory by mass spectrometry . Physiological effects of calcium
are studied by measurements of ionized calcium in the blood. Trace element
(zinc and copper) analyses are performed by atomic absorption spectrophotometry
as part of our studies of nutritional aspects of mineral metabolism in the
newborn.
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Project Description:

Objectives : We are studying kinetics of calcium metabolism along with trace

element requirements in the period around birth to understand better and to

aid the newborn infant in its adjustment to extrauterine life. A special

care nursery has been established to enable these and other clinical projects.

Ionized calcium measurements are also used to investigate the mechanisms of

abnormalities in calcium metabolism during early childhood. ^
Methods Employed : Computer analysis of the data using autoregressive filter-

ing techniques; urinary hydroxyproline and serum alkaline phosphatase, calcium,

phosphorus, magnesium, zinc, copper, total protein, albumin, pH, and ionized
calcium measurements; calcium kinetic studies using stable isotopes and non-
invasive urinary collection techniques for sample acquisition in newborn
infants; mass spectroscopy of calcium isotopes.

Major Findings : In calcium kinetic studies using isotopic tracers, we have
found marked differences between infants and adults. Kinetic parameters are

generally increased about ten-fold in the infant when corrected for body weight,
Furthermore, in adults, 70% of endogenous calcium loss is in the urine,
while in newborns only 10% is lost in the urine. Our findings also
demonstrate that calcium metabolism in newborn Rhesus monkeys closely paral-
lels that in human newborns. Using this animal model our findings suggest
that endogenous fecal calcium loss is passive and that calcium balance in the

normal newborn is regulated parimarily by calcium absorption and secondarily
by urine calcium losses. Calcium kinetic studies in infants with osteogenesis!
imperfecta failed to confirm a beneficial effect of ascorbic acid therapy
which had been postulated from clinical and theoretical observations.

Significance to Biomedical Research and the Program of the Institute : During
the third trimester of intrauterine development, calcium is accumulated in the

rapidly growing skeleton of the fetus. With delivery, the newborn is

removed from a rich supply of calcium via the placenta and is susceptible to

hypocalcemia and seizures. This is particularly true of the premature infant.
The results of our studies should provide a rational basis for diagnosis and

treatment of these infants with nutritional and metabolic problems relating
to calcium. Studies on developmental endocrinology and metabolism in the

period around birth have a direct bearing on the mission of the Neonatal and
Pediatric Medicine Branch and of the NICHD and seek a better understanding of

the process of normal growth and development and of the derangements accom-
panying various disorders.

Proposed Course of Project : Our research is progressively placing more
emphasis on endocrinology and metabolism around the time of birth with
initial studies being directed toward calcium control and metabolism in

the fetus and newborn. We are also investigating trace element metabolism
in the newborn as another aspect of developmental metabolism which requires
elucidation to improve the nutrition of premature infants. The unique
techniques we are using are also being extended to other children with dis-
orders of mineral metabolism. This will give us a better understanding of
disease processes and how we can more effectively treat them.
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1. Lim, M.O., Hansen, J.W., and Moore, L. Dynamics of Calcium

Metabolism in Newborns. in Endocrinology of Calcium Metabolism,

D.H. Copp and R.V. Talmage , eds., Excerpta Medica, Amsterdam-Oxford,

1978, p. 395.

2. Marx, S., Spiegel, A., Hansen, J., Brown, E., Koehler, J., Gardner,

D. , and Aurbach, G. Familial hypocalciuric hypercalcemia: auto-

somal dominant disorder with abnormal renal transport of calcium.

Ibid . , p. 402.

3. Hansen, J.W., and Lira, M.O. Spontaneous cutaneous ossification.

Ibid . , p. 434.

4. Lim, M.O., Hansen, J.W., Moore, L., and Rosman, K. Calcium

Dynamics in Infancy. Pediatric Research 12 : 509, 1978.

5. Lim, M.O., Mukherjee, A.B., Butler, J. DeB., Doty, S.B., Binderman, I.

Liu, L., and Hansen, J.W. Spontaneous transformation of cultured

skin fibroblasts into osteoblasts in a case of dysplastic intra-

dermal calcification. Pediatric Research , 12 : 509, 1978.

6. Hoffman, H.J., Hansen, J.W., and Ross, G.T. Time Series methods

for detecting monthly gonadotropin cycles in pubescent girls.

Biometrics , in press.

7. Douglas, J., Hansen, J., and Catt, K.J. Relationship between
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electrolyte changes. Endocrinology 103 : 60-65, 1978.

563



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this soace)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND /(ELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT -JUMBER

ZOl HD 00131-04 NPMB

PERIOD COVERED
October 1, 1977 - September 30, 1978

TITLE OF PROJECT ^50 characters or less)

Human Biochemical Genetics

JNAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

Principal Investigator:

J.D. Schulraan

Other Investigators:

E.J. Butler
S. Orlo££
D

.

Tov«me

B. Chrzanowska
M. Nitzan
K. MacDerraott

A. Mukherjee

Head, Section HBDG

Staff Fellow
Clinical Associate
Chemist
Visiting Fellow
Visiting Scientist
Visiting Fellow
Visiting Associate

NPMB, NICHD

NPMB,
NPMB,

NPMB,
NPMB,
NPMB

,

NPMB

,

NPMB,
NPMB

,

NICHD
NICHD
NICHD
NICHD
NICHD
NICHD
NICHD
NICHDCOOPERATWf.G N«llSC(nf a-y) Clinical Associate

SEE ATTACHED

lab/ BRANCH

Neonatal and Pediatric Medicine Branch
SECT

Human Biochemical and Developmental Genetics

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20014
TOTAL MAMYEAR3:

11

PROFESSIONAL:

10

|OTHER:

I
1.0

CHECK APPROPRIATE BOX(ES)

i:Xa) HUMAN SUBJECTS

DX(al) MINORS 0, {i2) INTERVIEWS

nX(b) HUMAN TISSUES (c) NEITHER

SUMMARY OF <^0RK (200 -joras or less - underli-.e keywords)

Our studies have concerned the metabolic errors of glutathione synthesis

and degradation (glutathionuria ,
glutathione synthase deficiency and gamma

glutamyl-cysteine synthase deficiency), glucose -6-phosphate-dehydrogenase

deficiency in which the capacity for glutathione reduction is decreased,

cystinosi? , homocystinuria ,
phenylketonuria , and non-ketotic h>T3erglycinemia .^^s

detailed in the attached description of our major findings, we have been i

interested in the development of newer forms of treatment and diagnosis for a
I

number of these metabolic disorders. In particular we have been evaluating from

a therapeutic point of view reducing agents such as ascorbic acid and
j

cysteamine in the treatment of cystinosis, the use of the anti-oxidant vitamin
|

E in the treatment of the abnormalities of glutathione metabolism, and strychnine

in the treatment of non-ketotic hyperglycinemia. We have also studied in ^
detail mechanisms involved in the abnormalities of cellular function associat^
with the above names inborn errors of metabolism.
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Project Description: * ^^

Objectives : The goals of the project are as follows: (1) to elucidate the
basic biochemical defects responsible for selected inborn errors of metabolism
in man; (2) to explore the secondary biochemical and physiological derange-
ments caused by the primary metabolic defect; (3) to develop new or improved
methods of treatment; (4) to develop new or improved methods of diagnosis,
both antenatal and postnatal; and (5) to use genetically abnormal cells and
patients to expand understanding of normal human biochemistry, physiology, i|^

and development. We have chosen to focus primarily on derangements of sulphur
amino acid metabolism and secondarily on other disorders of amino acid meta-
bolism and on selected derangements of lysosomal function. Our studies during
this year have concerned the metabolic errors of glutathione synthesis and
degradation (glutathionuria, glutathione synthase deficiency and gamma
glutamyl-cysteine synthesis deficiency) , glucose-6-phosphate-dehydrogenase
deficiency, cystinosis, homocystinuria, and phenylketonuria (PKU) . Patients
studied with the abnormalities of glutathione synthase include patients with
severe acidosis (oxoprol inuria) and the adult, non-acidotic form of this
disorder.

Methods Employed : The principal methods employed are: (1) cell culture
techniques, (2) spectrophotometric, radiochemical, and fluorometric enzyme
assays, (3) differential ultracentrifugation, (4) quantitative ion exchange
chromatography of amino acids in physiological fluids, including cellular
extracts, (5) radioisotopic measurements, (6) light, phase contrast, and
electron microscopy, (7) column and thin-layer chromatography, (8) starch ^^
and polyacrylamide gel electrophoresis, (9) osmometry, (10) histochemistry, ^^
and (11) determinations of red cell and platelet survival after tagging
with radioactive chromate.

Major Findings : Continuing investigations of glutathione metabolism in cul-
tured human cells and in animals have permitted certain observations regarding
the role of these enzymes and glutathione itself in biological processes.

Study of cells from patients deficient in gamma-glutamyl transpeptidase
activity, as well as in vivo studies of one such patient, constitute the
strongest evidence so far available that this enzyme is not, as previously
believed a significant mediator of amino acid uptake in a variety of human
cell types.

Studies of the heat stability of glutathione synthase in different tissue
in the presence or absence of glutathione had strongly suggested that at
least two forms of this enzyme were normally present in the human, one in
red cells and another in kidney and fibroblasts. Further investigation ^P
with partially purified enzymes from these sources, have however, failed to

support this earlier suggestion.

We have shown that the adult form of glutathione synthetase deficiency with-
out acidosis was due to a mutant glutathione synthetase which is unstable.
Biochemical evidence for genetic heterogeneity among different patients with
glutathione synthase deficiency and oxoprolinuria has been discovered. ^^
Successful correction of the abnormalities of reduced intracellular glutathioH^
content in the cells of patients with glutathione synthase deficiency has been
achieved in vitro using a mixture of serine and borate, which inhibits gamma-
glutamyl transpeptidase activity and norgializes intracellular glutathione levels.
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We have demonstrated that the cells from patients with reduced glutathione
synthase activities are abnormally susceptible to oxidative damage as

demonstrated by a shortening of their red cell survival and a susceptibility
to cellular damage and microtubule dissociation in leukocytes during
phagocytosis. We have very recently shown that both the red cell and
leukocyte abnormalities are partially and in some cases wholly correctable
after the patients have received large doses of the antioxidant vitamin
E for several months.

Furthermore related studies on the phenomenon of capping in leukocytes
from patients with abnormalities of glutathione synthesis have helped to

define the role of oxidized glutathione in microtubular assembly and
disassembly.

Since patients with glucose-6-phosphate-dehydrogenase deficiency have a

reduced capacity to regenerate reduced glutathione after oxidative
stress, we have explored the possibility that the hemolytic anemia
associated with this disorder might be improved by treatment with high
doses of vitamin E. We have demonstrated that the rate of hemolysis in

patients with chronic hemolyzing glucose6-phosphate dehydrogenase deficiency
is reduced with vitamin E treatment. An international study is currently
underway to explore the impact of vitamin E treatment in the more frequent
Mediterranean G-6-PD deficient variant. Studies will also be undertaken
with the common American black G-6-PD deficiency.

Alterations in the amount of the enzymes regulating the synthesis and
degradation and glutathione have been demonstrated at different time
points during fibroblast growth ui vitro . These enzyme changes predictably
alter intracellular glutathione content during cell growth.

Developmental changes in the amounts of the enzymes of glutathione
synthesis and degradation and of intracellular glutathione content have
been documented in the pre- and post-natal liver and kidney of the rat.

The physiological significance of these alterations in intracellular
glutathione content is being explored.

A selective system has been developed for cystinotic cells in_ vitro .

The selecting agent is a high concentration of extracellular cysteine.
Clinical trials have been completed on the use of high dose ascorbic
acid in the treatment of cystinosis. This large clinical double blind
trial demonstrated conclusively that this agent is not of value in

preventing progressive renal disease in cystinosis. Trials are now
being initiated using the sulphyhydryl reducing agent cysteamine in this

disease. We have also explored the possibility that a deficiency of the
enzyme which normally generates cysteamine in the mammalian tissues,

pantetheinase, may be the basic molecular defect in human cystinosis.
We have developed a new assay for this enzyme, demonstrated its presence
for the first time in human tissues, but were unable to identify differences
between cystinotic and normal pantetheinase activity.
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Work is also continuing on non-sulphur amino acid inborn errors of metabolism.

A new form of phenylketonuria due to decreased intracellular biopterin has

been identified. A new rn vivo assay for phenylalanine hydroxylase activity
has been developed and tested. The assay involves the administration of

minute amounts of tritiated phenylalanine to patients under an approved

protocol. In one patient shown to have reduced phenylalanine hydroxylase
activity on liver biopsy, the method was successful in revealing an equivalent

v

reduced phenylalanine hydroxylase activity. This approach may lead to ^^
elimination of the need for phenylalanine loading tests and of liver biopsy in

certain types of hyperphenylalaninemic patients.

We are currently exploring the effectiveness of the glycine antagonist
strychnine in the treatment of nonketotic hyperglycinemia. We have demonstrated
that sodium valproate may be used in the treatment of this disorder despite
its tendency to produce hyperglycinemia under other circumstances. In laboratory
animals we are examining the mechanisms of glycine conjugation and clearance
from the central nervous system to enhance our understanding of possible
approaches to treatment of this disorder.

Significance to Biomedical Research and Programs of the Institute : Cystinosis,
homocystinuria, phenylketonuria, and the inborn errors of glutathione metabo-
lism, all present clinical pictures of varying degrees of severity, in some
cases lethal. These and other heritable disorders studied in our laboratory
require better methods of diagnosis, treatment and prevention than are current-

ly available, and our efforts in these directions are essential for the goals|^
of this institute. In addition, it has been frequently demonstrated that the

study of genetic variants in man is a powerful tool for advancing our under-
standing of normal and abnormal biochemistry. Our studies on glutathione
metabolism illustrate that point. Furthermore, the extension of our work from

rare genetic disorders of glutathione metabolism to an extremely common one

like gluco3e-6-phosphate dehydrogenase deficiency demonstrates how the study
of rare model defects may open the way to understanding of common disorders
with substantial public health significance.

Proposed Course of Project : Future efforts will include: 1) the continuing
study of compounds which may be of potential therapeutic benefit in cystinosis
and other heritable disorders; 2) further investigation of the mechanisms of

lysosomal metabolism of cystine and related compounds in cystinosis; 3)

continued investigation of the coagulopathy and biochemical abnormalities
in homocystinuria; 4) continued studies of the enzymes responsible for the

synthesis and degradation of glutathione, and their involvement in disorders
of its metabolism; 5) the development of an in vivo radiochemical assay for

phenylalanine hydroxylase activity in patients with PKU and other abnormal- ^r
ities of phenylalanine metabolism; 6) investigation of additional inborn
errors of metabolism.
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SUMMARY OF WORK (200 words or less - underline keywords)

The Section on Developmental Gastroenterology and Nutrition was established

to study the cellular events leading to differentiation . The desirable model

for this study is the intestinal epithelium because in a short period of time

(48 hours) , the undifferentiated crypt cell undergoes proliferation , migration
,

and differentiation . This orderly sequence of events in the jejunum of the

Ifetal rabbit provides a convenient investigative model. A dissociation method
[has been devised using citrate and EGTA to isolate differentiated and undiffer-
jentiated intestinal epithelial cells. Differentiation gradients from crypt to

villus are biochemically demonstrated by increasing levels of dissacharidases
and ornithine carbamyl transferase. Th>Tnidine kinase levels to evaluate cellu-
lar proliferation demonstrate increased activity at the undifferentiated cell
level, but are not specific for intestinal cells. We are seeking by immunologic
methods a good marker to identify the undifferentiated intestinal epithelial
hell. The laboratory is presently attempting to establish these cells in tissue
culture.
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Project Description: mf

Objectives : Cellular events leading to differentiation are being investigated.

A desirable model for this study is the intestinal epithelium because in a

short period of time (48 hours) the undifferentiated crypt cell undergoes

proliferation, migration, and differentiation. An orderly sequence of these

events, progressing from the crypt to the villus, makes this organ a conven-

ient investigative tool. Elucidation of the mechanisms for intestinal pro-
liferation and differentiation is the primary goal of this project. The ^
approach employed is the study of single cell suspensions as well as tissue

and organ culture of tissues taken from fetal and adult rabbits.

Methods Employed : Intestinal epithelial cells from fetal and adult rabbits
are obtained by tissue dissociation methods using citrate and EGTA in an

incubator rocker system at timed intervals to allow serial isolation of fully

differentiated from undifferentiated cells. Viability is evaluated by trypan

blue exclusion. Measurements of dissacharidases , thymidine kinase, ornithine

carbamyl transferase and proteins are performed on these cells. Residual

intestine from various intervals of intestinal dissociation are examined under

the light microscope to document complete cell removal. Isolated intestinal

cells from various intervals of cell dissociation are fixed, processed, and

examined under the electron microscope. Isolated cells are incubated in a

petrie dish derivatized with Concanavalin A for agglutination ability. Un-

differentiated cells with little or no sucrase activity and whole intestine

are prepared for examination under a fluorescent microscope to detect the

presence and location of sucrase antigen. The cells are placed in D-valine ^
selective media for culture. The cells are plated as a monolayer, but rockin^^

or suspension cultures may eventually be needed for establishment of

intestinal epithelial cell lines.

Major Findings : Undifferentiated intestinal cells from adult rabbits are

difficult to obtain by previously published cell dissociation methods.

Reasonably pure intestinal epithelial cells may be obtained by our modified

cell dissociation method. Further cell purification will require velocity

sedimentation or affinity chromatography. The viability of intestinal cells

is 80% by trypan blue exclusion. Ultrastructural studies of these cells

reveal dilatation of the endoplasmic reticulum, swelling of the mitochondria

with some surface membrane disruption from the EGTA dissociation method. The

proper enzyme gradients are obtained with sequential cell dissociation, but

zero dissacharidase activities were not found in the crypt cells. Fetuses

younger than 24 days of gestation appear to be desirable as an animal model

to obtain sufficient undifferentiated cells for biochemical, morphologic, and

agglutination studies prior to establishing undifferentiated intestinal

epithelial lines.

Significance to Biomedical Research and the Program of the Institute : The

establishment of intestinal epithelial cells which differentiate in culture

will provide a model system to elucidate the role of each factor now proposed

to influence this biologic developmental event. The specific cell types can

be studied for (1) membrane composition, (2) surface properties by the binding

of lectins, cationized ferritin, and cholera toxin, and (3) ass'./mmetry of the

membranes by the isolation of the brush border and basal lateral membranes. '^
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Changes in the membranes can be correlated with cell division and maturation.

Definition of the processes involved in differentiation may aid in the under-

standing of malabsorption states such as chronic diarrhea of infancy, short

bowel syndrome, coeliac disease and other pathologic states where regeneration
of the intestinal mucosa is a major concern.

Proposed Course of the Project : In order to obtain a marker for undiffer-
entiated intestinal epithelial cells, we have begun experiments to determine
the presence of a sucrase antigen in cells with no sucrase activity. After
obtaining a pure sucrase with extremely high specific activity from rabbit
intestine, we inject it into goats for the development of an antibody against
rabbit sucrase. Following immunoglobulin isolation, we plan to tag the anti-
body with fluorescein to identify the sucrase antigen morphologically. If no

positive reaction is obtained, we plan to repeat these studies with immuno-
peroxidase tagging and examination of the cells at the ultrastructural level.

Publications

None.
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Base-line glucose tolerance tests with insulin, prolactin release with thora-

zine, and the circadian rhythm of Cortisol, GH, prolactin, LH, FSH are obtained

A low carbohydrate, low calories diet is initiated for weight reduction . Fol-

low-up studies of glucose tolerance and circadian patterns of the several hor-

mones are repeated periodically during the course of weight reduction. The ^^
study will attempt to detect evidence of altered hormonal regulation in obes^.y

with emphasis on the CNS role.

•
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Project Description:

Obj ect ives :

1. To determine insulin responses under different conditions in patients with
Prader-Willi Syndrome (P.W.S.) as compared with exogenous obesity (EG).

2. To compare prolactin release after thorazine injection in the P.W.S. vs
EG and the circadian pattern.

3. To compare circadian pattern of hCH, LH, FSH, Cortisol in P.W.S. vs EG.
4. To determine the effect of weight loss on these parameters.

Methods employed :

Patients with P.W.S. and EG who are at least 50% above their ideal weight
for height are studied. Their "normal" caloric intake is estimated. A glu-
cose tolerance test with determination of glucose and insulin is performed.
The rise in prolactin following im injection of 0.7 mgm of thorazine/Kg ideal
body weight is ascertained over 2 hours. The circadian pattern of LH, FSH,
hCH, Cortisol and prolactin is determined every 2 hours over a 24 hour period.
The assays are performed by radioimmunoassay. The diet given is low in carbo-
hydrates and calories. Exercise is prescribed.

Major Findings :

The insulin response to glucose and a normal meal is exaggerated and prolonged.
80% of obese patients fail to show a prolactin release with thorazine admin-
istration. The very small number of patients whose circadian pattern for pro-
lactin has been determined show a normal pattern despite the failure to respond
to thorazine. The only patient who has failed to show a circadian rhythm for
Cortisol is a single post-pubescent P.W.S. No other post-pubescent P.W.S.
patients have been studied. All prepubescent P.W.S. patients and EG patients
have a normal pattern. The response to the weight reduction program in both
groups is similar.

Significance to Biomedical Research and the Program of the Institute :

Obesity is the major nutritional problem in the U.S. today. No aberrations
in metabolism or regulation have been discerned and confirmed except increased
insulin levels, increased insulin resistance, and decreased insulin binding
to cells and blunted hCH response to challenge. The present program is the
beginning of a search for other abnormalities of regulation.

Proposed Course :

The program is just beginning. We have little data on patients after weight
reductions at this stage.

Publications :

None
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There are now several forms or variants of myopathy associated with absent or

deficient lysosomal a glucosidase. The classical Pome's disease, type II

glycogenosis has an absence of the enzyme in all tissues except the kidney, and

the heart is prominently involved. A juvenile form, i.e., later onset, pre-

sents simulating muscular dystrophy. Here, too, the enzyme is absent, but t^
heart is not clinically involved. This constellation can be seen in older

children and adults where the myopathy is predominant. There is also a form

of myopathy where the enzyme is markedly lowered and the Rm 1/2 the normal. We

are trying to isolate the enzyme from the urine to perform genetic studies and

in order to use this source of enzyme to better characterize the enzyme.
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Project description:

Obj actives :

1. To study the properties of myopathies associated with increased glycogen
and reduced lysosomal a glucosidase.

2. To further characterize the enzyme.
3. To attempt to isolate the enzyme from the urine and characterize it.

4. To attempt to determine the sephadex elution pattern of the urinary pH
4 a glucosidase in affected individuals, family members, and normals.

Methods employed :

Tissues are assayed for lysosomal a glucosidase using the umbilliferone
pyranoside, following the fluorescence. The pH A and pH 6.5 activities are

determined. The assay is run at different substrate levels and using dif-
ferent inhibitors and stimulators. The urine is assayed at pH 4 and pH 6.5.

The urine is concentrated and run over a G-lOO Sephadex column to separate
the pH 4 and 6.5 activities.

Major Findings :

We have found 2 patients with low, not absent, lysosomal a glucosidase and
moderate glycogen accummulat ion. The patients presented clinically with
myopathy. The enzyme was shown to have a V^j^x only 50% of that found in

normal muscle. Clinically, there is the suggestion that the condition may
be dominant, i.e., one mother-daughter involvement.

The urine studies have been very frustrating. Contrary to claims by others
we find the enzyme activity in the urine to be variably stable to freezing.
Unfortunately, that in the patients appears to be unstable but we also have
a number of normals whose urinary glucosidase is also unstable to freezing.
We are so far unable to reproduce the Sephadex elution patterns for the

urinary enzyme.

Proposed Course :

We intend to pursue the problem to resolve the technical obstacles encountered
and better characterize the mutant enzyme. Also plan family studies using
the urine enzyme as the marker.

Publications :

"Contributions of the Glycogen Storage Diseases to Genetics", published as

Proc. from Intl. Seminar on Preventable Aspects of Genetic Morbidity, Cairo,

Egypt - April 2-5, 1978.
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SUMMARY OF WORK (200 words or less - underliie keywords)

We are studying the development of the hypothalamic-pituitary-gonad axis.

We have developed a bovine Sertoli cell culture system. We have raised

antibodies to luteinizing hormone releasing hormone in rabbit and sheep.
_
These

antisera have been partially characterized as to specificity, antibody titer

and biological blocking activity. J^

Patients in remission from acute lymphocytic leukemia and Swings

sarcoma had hypothalamic pituitary testing. Abnormalities in the regulation

of GH secretion have been demonstrated in patients who received prophylatic

cranial radiation and have leukoencephalopathy as diagnosed by computerized

axial tomography scan. Our studies on cystinotic patients have revealed

a consistent defect in the hypothalamic-pituitary- thyroid axis. We have

also developed normal values of the pulse - wave arrival time fgkd inter^'al) ^
in children.
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R. Johnsonbaugh, National Naval Medical Hospital

Y. Patel, McGill Univ.

J. Schulman, NICHD

D. Rodbard, NICHD
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Project Descriptions: W
Objectives: The goals of the project are as follows: (1) to explore the

development of the hypotha.lajnic-pituitary-gonad axis; (2) to elucidate the
biochemistry and function of two hormones produced by the Sertoli cell,
Mullerian Inhibiting Substance (MIS) and inhibin; (5) to explore intersex
problems relating especially to MIS; (4) to elucidate hypothalamic pituitary
control over the secretion of MIS; (5) to explore neuroendocrine regulation ^
and dysfunction in a disease such as Kleine-Levin syndrome as well as in "
patients who have received prophylactic cranial radiation; (b) to develope
new methods of measurement of these hormones. We have chosen to focus primarily
on the bovine Sertoli cell to study MIS and inhibin. Specific antibodies
raised to luteinizing hormone releasing hormone (LHRH) are used to study the
development of the hypothalamic-pituitary-gonad axis. We use a monkey model
to evaluate the effects of cranial radiation on neuroendocrine function. In

addition, patients with cystinosis have been studied to explore the possibility
of unusual thyroid hormone dysfunction (partial end organ resistance)

.

Methods Employed : The principal methods employed are: 1) cell culture
techniques, 2) radioimmunoassay of hormones, 3) hormone bioassays, 4) light,
phase contrast, and electron microscopy, 5) partial purification of proteins
and concentration techniques, 6) radioisotopic measurements, 7) raising of
antibodies to hormones, 8) animal cannulation techniques.

Major Findings : We have developed a long term Sertoli cell culture technique.^
Characterization of the cells has been achieved with light and electron ^'
microscopy. Biochemical analysis of the cells is only partially complete.

Antibodies to LHRH raised in rabbits and sheep are in high titer and do

immunoneutralize LHRH. LHRH antiserum temporarily depresses serum gonado-
tropins in the rat and when injected in early life causes major changes m
testicular development.

Using the immunoneutralization technique we have shown that LHRH controls
MIS secretion. Further studies suggest the follicle stimulating hormone
(FSH), not luteinizing hormone (LH), inhibits MIS secretion.

Abnormalities in growth hormone secretion occur in patients treated with
prophylactic cranial radiation. In contrast, neuroendocrine regulation of
other pituitary hormones appear to be normal. Further studies in humans
and monkeys are continuing to further delineate these abnormalities.

Patients with cystinosis can have abnormalities in the hy-pothalamic-pituitaryA
thyroid axis. Studies are in progress to delineate whether the abnormalities^
are at the hypothalamic-pituitary and/or thyroid and/or peripheral tissue level.

Normals for pulse-wave arrival times or qkd intervals have been established
in children.

Significance to Biomedical Research and Programs of the Institute ; The
focus of our laboratory is to develop better methods of diagnosis and treat- A
ment of disorders of developmental endocrinology and neuroendocrinology . This
includes intersex problems, especially those that require the correct diagnosis
and treatment in the newborn period. In addition, we have studied developmental
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neuroendocrine complications of cranial radiation, a commonly used technique

in pediatric oncology. Our efforts in these directions are essential for

the goals of this institute because of their applications for advancing our

understanding of child development.

Proposed Course of Project: Future efforts will include: 1) the continuing

study of the development of the hypothalamic-pituitary-gonad axis; 2) further

investigation of steroli cells and their functions; 3) continued studies

of the abnormalities of the hv'pothalamic-pituitary axis of humans and monkeys
after cranial radiation; (4] ui vitro studies on gonadotropin regulation of

MIS secretion; 5) further chemical characterization of MIS and inhibin; 6)

investigation of intersex problems and Kleine-levin syndrome; 7) continued
studies of the hypothalamic-pituitary- thyroid and gonadal axis in cystinosis.

Publications :

1. Bercu, B.B., Boyd, A.E. Ill, and Jackson, I.M.D., Kleine-Levin Syndrome:
A possible neuroendocrine disorder with improvement of h>'perphagia with L-Dopa.
Second International Congress on Obesity, Washington, D.C. (Oct.) 1977.

2. Bercu, B.B., Morikawa, Y., Jackson, I.M.D., and Donahoe, P.K.D. Inhibition
of Mullerian inhibiting substance secretion by FSH, Society for Pediatric
Research, April, 1978.

3. Bercu, B.B., and Jackson, I.M.D. Long-term abnormal gonadotropin reserve in
the adult male rat after a single passive immunization with LHRH anti-serum
in the neonatal period. Endocrine society, June, 1978.

4. Bercu, B.B., Jackson, I.M.D. , Clark, C.T., Safaii, H.S., and Reichlin, S.

Permanent impairment of testicular development after transient immunological
blockade of endogenous luteinizing hormone releasing hormone in the neonatal
rat. Endocrinology 101: 1871-1879, 1977.

5. Bercu, B.B., Donahoe, P.K., Morikawa, Y. and Jackson, I.M.D. Increased
secretion of Mullerian Inhibiting Substance after immunological blockade
of endogenous luteinizing hormone releasing hormone in the rat. Pediatric
Research 12: 139-142, 1978.

6. Bercu, B.B., Y. Morikawa, I.M.D. Jackson, and P.K. Donahoe. Inhibition
of Mullerian Inhibiting Substance Secretion by FSH. [Pediatric Research, in
press)

.

7. Beitins, 1.2. , M.L. Dufau, K. O'Loughlin, B.B. Bercu, J.W. McArthur,
J.D. Crawford and K.J. Catt. Comparison of biological and immunological
activities of serum LH in normal women during LHRH infusion and patients
with Turner's Syndrome treated with estrogens. (In press).

8. Bercu, B.B. Section on pediatric endocrine emergencies. In Manual of
Emergency Pediatrics, 2nd edition. Editor, R. Reece, W.B. Saunders Company,
Philadelphia, 1978.

9. Bercu, B.B. Section on Reye ' s syndrome. In Manual of Emergency Pediatrics,
2nd edition. Editor, R. Reece, IV.B. Saunders Company, Philadelphia, 1978.
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ANNUAL REPORT ^_
of the

Endocrinology and Reproduction Research Branch
National Institute of Child Health and Human Development

October 1, 1977 through September 30, 1978

SUMMARY

The current research program of the Endocrinology and Reproduction ^
Research Branch has continued to focus upon the basic and clinical aspects
of endocrine systems and the control of reproductive processes. In addition
to these research activities, the Branch has provided training for Associates
and Visiting Fellows in laboratory and clinical investigation, and has con-
tinued the combined endocrinology program for Clinical Associates with NIAMDD.
Also, the combined program in Reproductive Endocrinology has been established
with the Armed Forces Institute and is available for clinicians in training
for a career in obstetrics and gynecology.

The research performed in the current year has extended earlier work on

the analysis and characterization of protein molecules and hormone receptors,
the structure-function relationships of biologically active molecules, the

regulation of hormone synthesis and secretion, and the analysis of mechanisms
of hormone action. Further work, was performed upon the investigation of

pituitary gonadal relationships, ovarian function during the menstrual cycle
and pregnancy, and several areas of clinical investigation. This report
summarizes the progress made in methods for the analysis and characterizatior^
of peptide hormones, their receptor sites and cellular actions, the bio- ^
chemical regulation of steroid hormone synthesis and secretion, and the role

of steroid hormones in cellular processes and clinical disorders.

Methods for the synthesis and physical analysis of peptide hormones have
been improved and extended to the preparation of several biologically active
peptides. Studies on the peptide antibiotics (nisin and gramicidin) con-
taining unusual aminoacids were continued, and new syntheses from these com-
pounds were established. These peptide antibiotics were previously shown to

inhibit the growth of fetal and tumor cells, and to act as ionophores in

lipid bilayers and biological membranes. Also, partial sequences of the grami-
cidin molecule were found to have chemotactic effects on neutrophils, an
action that will be further analyzed with tritiated preparations of the active
peptides. The chemical methods developed from the discovery of dehydroalanine
in nisin have been applied to the synthesis of hypothalamic releasing peptides
that regulate pituitary hormone secretion. The use of dehydroalanine for

attachment of peptides to carriers during solid phase synthesis permits direc*-

conversion of this residue to the amide function that occurs at the carboxy-^
terminus of releasing factors and posterior pituitary peptides. Also, large-
scale synthesis of gonadotropin-releasing hormone (GnRH or LHRH) was performed
in gram quantities for clinical studies, employing refinements for the incor-
poration of arginine, tryptophan, tyrosine and serine, as well as the glycine
amide at the C-terminus. These methods will be of value in synthesizing
super-active analogs of GnRH and antagonists of the releasing hormone, for

projected use in clinical investigation and treatment of fertility disorders.
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The analysis and isolation of protein hormones by gel electrophoresis was

extended by the development of techniques to improve upon currently available
methods. In addition to the design of several procedures to facilitate analy-

sis in various buffers and detergents, electrophoretic protein concentration,
eluate zone elution, electrof ocusing at high ionic strength, and C analysis

in polyacrylamide gels, major advances were made in techniques for analytical

and preparative gel electrophoresis. These include the further use of natural

pH gradients in electrof ocusing, and their stabilization by the use of appro-
priate buffers as reservoir electrolytes. This maneuver overcomes the pro-

gressive instability of pH gradients that develops during the focusing pro-

cedure and impedes the resolution of protein molecules. This improvement
is based on the recognition that decay of pH gradients is due to migration
by the charged forms of the terminal "zero-mobility" constituents, and that

replacement of conventional electrolytes by buffers composed of the terminal
constituents prevents migration by diffusion from the buffer reservoir. It

is expected that the consequent ability to perform electrof ocusing over pro-

longed periods without gradient instability will lead to significantly improved
resolution during protein fractionation. A further improvement in separation
was introduced for separation of the adjacent protein zones that occur during

charge fractionation by isotachophoresis, by introduction of small molecules
such as aminoacids to act as spacers between the overlapping proteins.

The elution of zones formed during preparative electrophoresis was per-
formed by two methods designed to improve the recovery of proteins after
their resolution by electrof ocusing. These were based upon constituent dis-
placement, in which the focused zones were mobilized by suitable exchange
of the buffer electrolytes and collected in an elution cup, and cascade

stacking, in which the multiple moving boundaries of isotachophoresis were
formed by appropriate buffer exchange and caused anodic migration of the fo-

cused proteins.

Practical applications of gel electrophoresis to protein characterization
and purification were performed with human growth hormone, human prolactin,

and receptors for insulin and glucocorticoids. The isohormones of hGH were

separated by isotachophoresis and found to require storage in liquid nitrogen
for preservation of bioactivity, prior to clinical testing in children with

growth hormone deficiency. The isolation of the major isohormones of human
prolactin is being performed by gel electrof ocusing, to permit analysis of

the bio- and immunoactivities of the individual isohormones. In addition to

these soluble proteins, characterization of a membrane-bound enzyme, adeny-
late cyclase, has been performed by gel electrophoresis in the presence of

detergent mixtures selected to retain activity in the fully solubilized enzyme.

The development of mathematical and statistical methods for analysis of

electrophoretic and other forms of protein fractionation has been extended
to a variety of fractionation systems. In addition to polyacrylamide gel

electrophoresis, methods and computer programs have been devised for improved
statistical estimation of molecular weights from SDS-gel electrophoresis,
gel filtration and density gradient centrifugation. Also, programs were devel-
oped to analyze concentration profiles obtained during protein fractionation
by these methods, and for the optimization of conditions for physico-chemical
separation of protein hormones, receptors and other macromolecules . In parti-
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cular, these approaches were employed during gel electrophoresis and focusint,^"

with continuous scanning of the concentration profile. By this method, the

factors controlling band width and resolution during gel electrophoresis can

be evaluated. Studies on a model protein (beta lactoglobulin 3) have shown

that concentration peaks are Gaussian, and that the apparent diffusion con-

stant is directly related to the decreasing protein concentration within the

migrating zone. The diffusion constant derived by extrapolation to zero

protein load and current density is directly proportional to mobility, as

in the predicted ideal case, indicating the absence of heterogeneity in the •
protein studied, tfhen more complex concentration profiles are derived during

electrophoresis, chromatography or sedimentation, the peaks have been analyzed

by a fitting program as the summation of several Gaussian components. This

method permits improved characterization of the peaks in terms of location

and standard deviation, for application to binding studies (e.g., Scatchard

plots of receptors during sedimentation analysis) and analysis of factors

that cause peak shifts due to ligand-protein interaction. These approaches

have important practical applications in the isolation and analysis of pep-

tide hormones, and the receptors that interact with hormonal ligands.

These developments in the characterization and isolation of protein hor-

mones and related molecules have been accompanied by further extensions in

the techniques employed to quantitate these molecules. The measurement of

protein and steroid hormones, particularly at the levels present in body

fluids, has been predominantly based upon radioimmunoassay over the preceding

decade. In addition to this invaluable method, recent developments in radio-

ligand assay and in vitro bioassay have made possible the measurement of |p
biological activity in circulating hormones, by radioligand-receptor assay

and in vitro bioassay with dispersed target cells. These methods have been

exten7ively developed for the gonadotropic hormones, and employed in conjunc-

tion with radioimmunoassay to analyze the biological and immunological pro-

perties of hormones in blood.

Within the area of radioimmunoassay, methods for assay of glycoprotein

hormones were improved by the use of a simple extraction procedure with sepha-

rose-concanavalin A to increase the effective sensitivity of assays for TSH

and hCG. Also, the existing radioimmunoassay for rat LH was improved to

permit assay of the low levels present in normal male animals, and will

be employed in studies on the steroid feedback control of LH secretion. To

facilitate clinical studies and supplement laboratory programs, a number of

assays were established in a Core Assay Unit within the Branch. These include

assays for blood and urinary hCG levels in patients under treatment for

trophoblastic disease, a rapid assay for urinary estrogens in women requiring

daily monitoring during hormone therapy for infertility, and an assay for ^
urinary free Cortisol in patients being investigated for adrenal hyperfunctio.

Also, the Core Unit provided the second antibody (sheep antirabbit gamma

globulin) used for radioimmunoassay of gonadotropins by investigators through-

out the Branch. A radioimmunoassay for ACTH is currently in development and

will be established within the Unit after appropriate validation, for use

during investigation of patients with adrenal disease.

The biological assay of gonadotropins in tissue extracts and body fluid^fc

was continued by use of the radioligand-receptor assays and in vitro bioassay^
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recently developed within the Branch. Homogenates of the rat testis were
employed for specific radioligand-receptor assays of LH/hCG and FSH, in the

presence of the appropriate " I-labeled gonadotropin. The radioligand-re-
ceptor assay for FSH was optimized with I-labeled hFSH purified after io-
dination by affinity chromatography upon concanavalin A and testicular re-
ceptors, giving improved binding of the labeled hormone in receptor assays.
The interaction of labeled hFSH with rat testis receptors was characterized
and applied to the development of a sensitive receptor assay, capable of

detecting subnanogram quantities of FSH. This method was applied to human
urinary and pituitary FSH, ovine FSH, and pregnant mare serum gonadotropin
(PMSG) all of which reacted in the assay with equal slopes. The potencies
of highly purified PMSG and highly purified hFSH were similar in the radio-
ligand-receptor assay, consistent with the high FSH-like activity of the
equine pregnancy gonadotropin.

The FSH radioligand-receptor assay was also applied to the analysis of

FSH-like activity in hCG, in conjunction with radio-receptor and radioimmuno-
assays for LH/hCG. This study of the FSH-like effects of various hCG prepara-
tions, including crude and highly purified hCG, isolated hCG subunits, and the
hCG subunits recombined with each other or with purified ovine subunits, indi-
cated that the FSH-like effects of highly purified hCG were not due to pitui-
tary FSH contamination. The completion of this work has given conclusive
proof that the FSH-like effects of purified hCG are due to intrinsic FSH acti-
vity in the intact hCG molecule, conferring the ability to react with the
FSH receptor at high concentrations. This work also demonstrated that human
LH betacontaining hybrids possess intrinsic FSH-like activity, suggesting that
intact LH also possesses intrinsic FSH-like activity. These results, together
with other demonstrations of functional heterogeneity among the glycoprotein
hormones, are consistent with the growing concept that peptide hormone recep-
tors do not possess absolute specificity for their regulatory ligands , but
frequently show minor cross-reactivity with structurally related though bio-
logically distinct hormones.

The recently-developed _in vitro bioassay for measurement of LH in human
and animal plasma, based on the testosterone response of rat Leydig cells,
was applied to further analysis of the bio- and immuno- activities of LH in
the circulation. When normal men were infused with a submaximal stimulating
level of LHRH, the expected biphasic pattern of LH release was detected by
both radioimmunoassay and bioassay. Comparison of the two values for LH re-
vealed that the bio:immuno ratio remained unchanged (at 3.6 + 0.5) throughout
the period of infusion. This study showed that the biological activity of
the acutely released LH, presumably corresponding to the stored hormone, is
not different from the newly synthesized hormone that is believed to be se-
creted as the second pool during prolonged LHRH infusion. This finding sug-
gests that the higher biological activity of LH in plasma of normal men
and postmenopausal women is not solely related to increased rates of gonado-
tropin biosynthesis and release, and suggests that other factors, such as
the prevailing steroid milieu, also influence the biological activity of the
circulating hormone. However, this may not simply be a reflection of the
degree of estrogen secretion, since preliminary studies in patients with
Turner's Syndrome have indicated that replacement with estrogens does not
reduce the high bio: immuno ratio of circulating LH in these patients. Further
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application of Che in vitro bioassay to analysis of the biological activity i^-

of LH present at low concentrations in human plasma will be facilitated by

the development of a modified assay procedure that has extended the detection

limit of the method for plasma LH by about five-fold. This more sensitive

assay will permit more detailed studies upon the circulating bioactive gonado-

tropin level in children, and during suppression of gonadotropin secretion

by steroid hormones. In a related area, studies on the development of a

radioimmunoassay and in vitro bioassay for measurement of plasma ACTH are

in progress, and indicate that both assays possess adequate specificity and ^
sensitivity for measurement of the hormone in human plasma. When established,

these procedures will be employed, as for the LH bioassay, in comparative

studies upon the biological and immunological properties of ACTH in the cir-

culation of patients with a variety of pituitary and adrenal disorders. In

addition, the method for preparation of I-labeled ACTH has been modified

to produce biologically active tracer hormone for use in ACTH receptor

studies, both in characterization of the receptors and for potential use

in the development of a radioligand-receptor assay for ACTH.

The mathematical and statistical theories of radioligand assay have

undergone further development and refinement, with particular attention upon

immunoradiometric assays, enzyme-mediated and enzyme-linked immunoassays
and labeled antibody membrane assays. These methods have been applied to

the evaluation and optimization of radioligand assays, and to the statistical
quality and control of radioimmunoassay laboratories. A mathematical analy-

sis of the reactions involved in the enzyme-mediated immunoassay technique
has been completed, and applied to the evaluation of the individual factors ^
affecting the assay, including antibody concentration, enzyme-tagged antigen,

incubation time, and the interaction of these factors. Computer programs
have been developed following this analysis to facilitate the optimization of

the EMIT assay, either in terms of sensitivity or precision at any desired

dose level. Methods for determining the sensitivity of radioligand assays
have been improved, and programs developed for analysis of all dose-response
curves in radioligand assay systems, permitting improved testing for identity

of standard and unknown samples, in terms of slope and also of minimum and

maximum responses. New programs were developed for fitting according to the

mass-action law, or in the case of receptor-heterogeneity, or in that of mul-

tiple ligands combined simultaneously with multiple receptor sites. Computer
programs were adapted from the IBM 370 to the DEC-10 system and in turn to

hand-held calculators such as the Texas 59. In this way, programs which pre-

viously required complex computing facilities can now be performed in labora-
tories throughout the world on standard calculators. This adaptation was

performed in collaboration with the Program for Quality Control in Reproduc-
tion Research sponsored by the World Health Organization. ^

Several of the methodological developments described above are being

applied to studies of the structure and function of glycoprotein hormones,
particularly hCG and the human pituitary gonadotropins. As noted earlier, it

has become increasingly obvious that the glycoprotein hormones, LH, FSH, hCG,

and TSH form a structurally homologous group of proteins which possess over-
lapping biologic activities. In keeping with the structural similarity of hLH
and hCG, differing only in the additional C-terminal 30 aminoacid residues of^
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the hCG-beta subunit, the hormones show almost identical luteinizing activity,
though hCG is somewhat more potent in this regard. The earlier findings that

highly purified hCG contain TSH- and FSH-like activities were further investi-

gated by analysis of hCG preparations at various stages of purification, and

recombinants formed from subunits of highly purified LH and hCG , by radio-

ligand-receptor assay, bioassay, and radioimmunoassay. The studies confirmed

that the FSH and TSH activities of highly purified preparations of LH and hCG

are intrinsic properties of these molecules.

Further studies were performed on the hCG-like substance previously

identified in partially purified glycoprotein hormone fractions of human pi-

tuitary and urinary extracts. It was previously demonstrated that these

non-placental sources contained material identical with hCG by criteria in-

cluding specific radioimmunoassay based on the unique carboxy-terminal se-

quence in the hCG-beta subunit, co-elution with hCG during partition chroma-

tography, and competition with hCG for gonadal receptor sites. The more re-

cent data is consistent with the possibility that the hCG-like substance

is a biosynthetic precursor of hLH in the pituitary gland. Analysis of pitui-

tary and urinary extracts with the specific radioimmunoassay following gel

filtration revealed the hCG-like material, and a low molecular weight peak

probably corresponding to the separated carboxy-terminal sequence. In the

absence of protease inhibitors, the high molecular weight peak split into

two adjacent components with receptor-binding activity, and the low molecular
weight peak was increased. Both of these changes were prevented when extracts

were pre-incubated in the presence of a protease inhibitor, PMSF. .Also, the

chimpanzee pituitary was found to contain enzymatic activity capable of hydro-

lyzing hCG to release a peptide with low molecular weight and no biologic acti-

vity, presumably corresponding to the C-terminal portion of the beta-subunit

.

These studies, and the presence of the hCG-like substance in patients with

gonadal failure and Klinefelter ' s Syndrome suggest the possibility that this

material may serve as a biosynthetic precursor of luteinizing hormone. However,

in view of recent demonstrations that hCG-like material may be present in the

gonads and in various non-gonadal tissues, 'as well as a variety of neoplasms,

it is also possible that hCG is formed in small quantities by many normal

tissues

.

During the development of specific and sensitive methods for the measure-

ment of hCG, extensive studies were performed on the binding properties of an

antiserum raised in the rabbit against a chemically synthesized N-acetyl tria-

contapeptide corresponding to residues 116-114 of the hCG-beta subunit. Like

the previously characterized antiserum to a naturally derived C-terminal frag-

ment of the subunit, the new antiserum showed antibody recognition sites at

the C-terminal pentadecapeptide region, absence of binding of I-labeled

hLH and oLH, and lack of neutralizing activity against hCG in vivo . However,

the new antiserum showed higher affinity for the synthetic pentadeca- and

longer peptides by comparison with the earlier antiserum, indicating that

elongation of the terminal aminoacid sequence may increase antigenicity and

improve the sensitivity of the specific radioimmunoassay. The previous

observation that antibodies to the C-terminal peptide of hCG=beta failed to

inhibit the biologic activity of hCG in the rat uterine weight assay was

further explored in vitro by radio-receptor assay using testis homogenates,

and in vivo by studies with hCG:antibody complexes. Whereas the antibody was
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able to inhibit the binding of hCG to testis homogenates 2£ vitro , adininistr4^-

tion of the preformed I-hCG:antibody complex to male rats showed signifi-

cant uptake of tracer in the testis, suggesting that hCG dissociates from

the complex during circulation due to the relatively low binding constant

of the interaction between hCG and the C-terminal-directed antibody. This

observation provides an explanation for the apparent discrepancy between the

actions of the antibody upon biological activities of hCG measured _in vivo

and In vitro .

The antigenic similarities among chorionic gonadotropins of human and

non-human primates were further examined, extending previous observations on

this topic. These relationships were tested by bioassay and homologous radio-
immunoassays utilizing hCG alpha- and beta-subunits and antisera to these

peptides. Analysis of urine extracts collected from primates during early
pregnancy demonstrated marked antigenic similarities among the subunits and

intact chorionic gonadotropins of the chimpanzee, gorilla and orangutan,

whereas no such antigenic relationships were detected for the baboon, macaque
and marmoset. This study has shown that, in the development of models for

testing the suitability of specific vaccination procedures using hCG fragments

to achieve fertility control, the chimpanzee appears to be the most appro-
priate non-human primate.

Further progress was made in the measurement of glycoprotein hormones

in urine by radioimmunoassay, by employing adsorption to sepharose-concana-
valin A to purify and concentrate the glycoproteins and their subunits. A
In addition to its diagnostic application, this approach was utilized during

studies on the metabolism of intact hCG and the alpha- and beta-subunits in

normal subjects. It was found that about 20% of the intact hCG molecule is

excreted by the kidney, whereas less than 1% of either subunit was detected
in the urine. The sepharose-concanavalin A procedure for adsorption of glyco-
proteins was also applied to preliminary studies on TSH metabolism and urinary
excretion, and to the development of a TSH radioimmunoassay with improved
sensitivity for human TSH in serum. The method was also utilized in the

assay of two other glycoproteins, dopamine-beta-hydroxylase (DBH) in serum
and tissue homogenates, and testosterone-estradiol binding globulin (TeBG)

,

the principle circulating transport protein for testosterone.

The properties and regulation of gonadotropin receptors in animal and

human tissues were further studied in addition to the applications during the

above-noted investigations on hormone-receptor interaction and gonadotropin
analysis. The FSH receptors in the rodent testis were extensively character-
ized, employing enzymatically radioiodinated human FSH for binding studies.
In contrast to other peptide hormone receptors, the FSH receptors of the f

rat testis were relatively stable at 37°C, and exhibited higher binding at

this temperature than at 24°C. An extensive study on the properties of

testicular gonadotropin receptor during development was performed in the rat,

with comparison to the concomitant changes in plasma gonadotropins and testo-
sterone during sexual maturation. The concentration of FSH receptors in the

testis reached a peak between 10 and 15 days of age, then fell to a constant
level, though the testis content of FSH receptors increased continuously .

with age and increasing size of the testis.
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Testicular LH receptors showed a continuous increase in both concentra-

tion and total number with advancing age and testis growth, the major rise

occurring between 15 and 38 days of age. This corresponded with the rapid

rise in plasma FSH concentration and with the phase of rapid testicular

growth. The pubertal rise in plasma testosterone occurred about 15 days after

testicular LH receptors began to increase, and was coincident with the con-

tinuing rise in LH receptor content between day 35 and day 55. Thus, the

early development of testicular FSH receptors was followed by a prominent
rise in plasma FSH, with concomitant increases in testicular growth and LH
receptor concentration. The resulting increase in gonadal sensitivity to

LH could be responsible for the marked increase in secretion of testosterone
that occurs during puberty in the presence of a relatively small change in

the circulating LH concentration. The sequence of changes in gonadotropins

and their testicular receptors suggests that FSH-induced testicular sensiti-

vity to LH is an important factor in sexual maturation in the male rat,

consistent with earlier studies on the ability of FSH to restore testicular

function and LH-sensitivity in the hypophysectomized immature rat.

Additional studies on gonadotropin receptors were performed during fetal

development in the rabbit testis, to extend earlier work on the ontogeny

of gonadotropin receptors and Leydig cell function in the fetal gonad.

The development of LH receptors between days 17.5 and 20 in the fetal rabbit

testis was accompanied by a concomitant increase in cyclic AMP responses to

gonadotropin when fetal testes were incubated _in vitro , and by the appearance
of 3-beta-hydroxysteroid dehydrogenase activity. Although the testosterone

content of the testis increased over this period, the synthesis of testo-

sterone iji vitro was not stimulated by hCG until day 20. Organ culture of

gonads from sexually undifferentiated rabbit embryos was accompanied by dif-

ferentiation of the Leydig cells after about 4 days, with development of the

enzymes necessary for testosterone synthesis, in the absence of gonadotropins.
The correspondence between development of LH receptors, cyclic AMP responses,

and the enzymatic capacity to synthesize testosterone, suggests that the

development of these functions is closely linked during Leydig cell maturation.
However, the delay of 2 days or so in coupling between LH receptors and the

ability of added gonadotropin to stimulated testosterone synthesis, suggests
that the initiation of antigen synthesis at the time of male phenotypic dif-

ferentiation in the rabbit fetal testis is independent of extra-gonadal hormone

regulation.

The characterization of gonadotropin receptors in the testis was also ex-

tended to a study on the primate LH receptor and its species specificity.

This was performed by analysis of the binding of -hCG with receptor sites

in articulate preparations of human and rhesus testes. The primate and human

LH receptors exhibited a high affinity for hCG, with Ka of about 10 M and

low capacity for gonadotropin. A feature of the primate LH receptors was the

marked specificity for human hormones, and the absence of cross-reaction with

LH derived from rat, sheep, cow, pig and rabbit. In contrast, the rat testi-

cular LH receptor interacted with each of these preparations at nanogram con-

centrations, whereas they were inactive in competing for binding to the pri-

mate testicular receptors in microgram concentrations. By recombination stu-

dies with the isolated subunits of hCG and porcine LH, the presence of the

beta-subunit of hCG was shown to confer the ability to inhibit binding of
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^^^I-hCG to the primate testis receptors. The LH receptors of primate Leydi^-
cells also showed a high degree of species specificity for homologous gonado-

tropins with interstitial cell-stimulating activity when testosterone respon-

ses to various gonadotropins were examined in_ vitro . This work demonstrated

the marked specificity of primate LH receptors for homologous hormones, a

property that appears to depend upon recognition of the beta-subunit of the

human gonadotropin.

To facilitate the analysis of these and other experiments on receptor- (
hormone interaction, mathematical models were developed to describe complex

cases including heterogeneity of hormone and/or receptors, positive and/or

negative cooperativity , and failure to achieve equilibrium or steady-state

conditions. Special attention was paid to cases where the kinetic rate con-

stants are linear functions of receptor occupancy, and also to situations

where the ligand is flexible and contains several functional moieties, each

of which combines with a separate subsite on the receptor region. The use of

computer simulations and curve-fitting techniques has permitted studies on

factors that affect ligand affinity, "intrinsic activity" or efficacy, and

the structural requirements for ligands which function as full agonists, par-

tial agonists, and partial agonists/antagonists. A new model has been devel-

oped to permit simultaneous equilibrium analysis of any number of ligands

competing with a receptor that contains any number of subsites. This model

allows for the current view that hormones contain multiple functional entities

or moieties that may react with multiple subsites in the receptor. The current

model incorporates all properties of equilibrium models involving receptor

heterogeneity, and is sufficiently general to allow for positive or negative^
cooperativity. By this model it is possible to obtain a binding isotherm of

virtually any shape, and by specifying the active pool classes, it is possible

to predict the relationship between occupancy and response. This will in many

circumstances give a biphasic dose response curve with a fall in response at

high ligand concentrations, consistent to the effect noted in several in vitro

systems during stimulation by high hormone concentrations. It has been shown

that a single molecular species may be react as a partial agonist, competitive

antagonist or non-competitive antagonist, depending upon the conditions em-

ployed. The non-equilibrium properties of this model have been explored, and

indicate that the presence of two subsites on the receptor can cause acceler-

ated dissociation of labeled ligand in the presence of increasing concentra-

tions of unlabeled ligand. This mechanism provides an explanation for the

well-known occurrence of "negative cooperativity" observed in the binding

of insulin to its receptors, and also in several other hormone-receptor sys-

tems .

A new method was developed to simultaneously fit families of dose-re- .

sponse curves, permitting optimal derivation of information concerning struc-^

turefunction relations during studies of hormone analogs. This program will

describe binding curves, response curves in terms of adenylate cyclase or

cyclic AMP accumuation, or activation of protein kinase. The binding curve

and response curve are described by log-logit or 4-parameter logistic models,

permitting visualization of the relation between steady-state binding and

steady-state response, either in the original coordinates, or in a linearized

form wherein occupancy and response are shown on logit scales. Methods for *

statistical analysis of these data were also developed, permitting the cal- ^
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culation of joint 95% confidence regions for the 4 parameters which completely

describe the occupancy-response coupling relationship. This model should make

it possible to perform quantitative analysis during measurement of receptor-

occupancy coupling rather than more simple empirical and graphical methods,

and can be employed together with specific models for receptor-response coup-

ling. These various models are now sufficiently well-developed that they can

be employed to make predictions in specific hormone-receptor-response systems,

and to assist in the design of experiments to discriminate among the possible

mechanisms by which hormones activate their receptor sites and target cells.

The recently-described process of LH receptor regulation in the testis

and ovary was examined in further detail in male and female rats. In the

male, hormone-induced regulation of LH receptors and desensitization of tar-

get cell responses were studied in purified Leydig cells prepared by density

gradient centrifugation, following treatment with various doses of hCG. The

extent and rate of LH receptor loss were dose-related, and high doses of hCG

caused almost complete loss of LH receptors for several days. The initial

period of receptor occupancy was accompanied by desensitization of the Leydig

cell adenylate cyclase, and the subsequent loss of LH receptors was accompanied

by a corresponding decrease in the ability of LK to stimulate cyclic AMP

production in the intact Leydig cell. Whereas treatment with low doses of

gonadotropin caused enhancement of the Leydig cell testosterone responses to

stimuli such as hCG , cholera toxin, larger doses of gonadotropin caused marked

depression of both cyclic AMP and testosterone responses in the Leydig cell.

The enhanced testosterone responses after low doses of gonadotropin reflect

physiological stimulation of Leydig cell function, whereas reduced testoste-

rone responses after higher doses are manifestations of receptor loss and de-

sensitization of steps in the steroidogenic pathway. Measurement of occupied

LH receptors showed that minor degrees of occupancy were followed by major

loss of receptor sites. The persistent loss of LH receptors for several days

following gonadal treatment suggested that occupied LH receptors were proces-

sed or degraded, rather than vacated and reutilized.

The presence of a second lesion in the desensitized Leydig cell, mani-

fested by an inability to produce testosterone in response to stimuli such as

cholera toxin and dibutyrl cyclic AMP, was further studied to define the under-

lying defect in steroid biosynthesis. Steroidogenesis in the desensitized Ley-

dig cell was found to be inhibited at a point beyond the activation of choles-

terol side-chain cleavage enzyme, indicated by normal or elevated pregnenolone

responses to hCG in the presence of impaired testosterone production. In nor-

mal Leydig cells, pregnenolone was metabolized to androstenedione as the major

precursor for testosterone. To quantitate pregnenolone production during hor-

monal stimulation, Leydig cells were incubated in the presence of two inhibi-

tors of steroidogenesis, cyanoketone and spironolactone, to inhibit 3-beta-

hydroxysteroid dehydrogenase-isomerase and 17-alpha-hydroxylase , respectively.

Also, the precursor steroids in the delta-4 and delta-5 pathways leading to

testosterone synthesis were analyzed, in normal and desensitized Leydig cells.

These studies showed that the major steroidogenic block in desensitized Leydig

cells was located at the site of conversion of 1 7-alpha-hydroxysteroid to an-

drogens, with accumuation of earlier intermediate steroids. In the most severe

forms of receptor depletion and desensitization, the maximum pregnenolone re-

sponse to hormone stimulation was also reduced, indicating the presence of an
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additional lesion in the ^arly part of the steroid biosynthetic pathway. The ifc

extent of the predominant steroidogenic block in 17-20 desmolase activity in

cells desensitized by gonadotropin treatment was related to the degree of re-

ceptor depletion, and may depend both upon receptor loss and the local inhibi-

tory effects of steroids produced during the acute testicular response to

gonadotropin. These studies demonstrated that regulation of LH receptors in

the testis is highly sensitive to circulating LH concentrations, and that

marked loss of receptor sites and Leydig cell responses was induced by treat-

ment with exogenous gonadotropins such as hCG and sheep LH. ^
These effects of administered gonadotropins are also seen after elevation

of endogenous LH in the rat, as shown by the desensitizing effects of LHRH

and its analogs upon testicular LH receptors in the rat. The relationship
between plasma gonadotropin concentrations and testicular receptor content was
analyzed following single doses of a natural LHRH decapeptide. The transient
peaks of serum LH and testosterone, occurring within one hour of LHRH admini-
stration, were followed by a delayed and protracted loss of gonadotropin re-
ceptors, that became at maximum about 2 days after administration of LHRH.

In addition to the dose-dependent loss of LH receptors in the testis, marked
decreases in the gonadal receptors for FSH and prolactin were also observed.
These studies indicate that the transient elevation of serum LH following the

administration of the releasing hormone initiated a process of negative regu-
lation in the Leydig cell that led to the subsequent decrease in testicular
receptor sites. The loss of gonadotropin and prolactin receptors following
LHRH treatment provide an explanation for the ability of LHRH and analogs to

inhibit ovarian and testicular function, following their anticipated initial ^
effect of gonadal stimulation by increased circulating gonadotropin concentra-
tions.

The regulation of LH receptors, adenylate cyclase, and target cell re-

sponses was also studied in the luteal cells of the rat ovary. As in the

testis, treatment with hCG caused a time and dose-related decrease in the

ovarian content of receptors for LH in rats with luteinized ovaries. Detect-
able loss of LH receptors was induced by quite small doses of hCG, down to

30 nanograms per hundred gram of body weight, suggesting that receptor regu-
lation occurs also with physiological concentrations of gonadotropins. As

in the testis, small degrees of receptor occupancy were followed by major
decreases in the LH receptor concentration, indicating that an active process
is involved in the mechanism of receptor loss. The gonadotropin-induced loss
of LH receptors was accompanied by a rapid and substantial loss of the ability
of LH to stimulate adenylate cyclase activity in ovarian homogenates. This
effect appeared to be hormone-specific, since the responses of adeny-
late cyclase to stimuli such as sodium fluoride and prostaglandin El were not
impaired when the LH response was completely abolished, 2 days after the de- w
sensitizing dose of hCG. However, the early loss of adenylate cyclase re-

sponsiveness to gonadotropin, occurring a few hours after hCG treatment, was
accompanied by a transient loss of sensitivity to fluoride and other stimuli,
indicating that the adenylate cyclase catalytic unit had become temporarily
inactivated.

The presence of a beta-adrenergic receptor in the ovarian luteal cell
provided an opportunity to analyze the effects of gonadotropic desensitizatio"
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upon the ability of a completely independent receptor mediated process to

activate the luteal cell adenylate cyclase. The hCG-induced desensitization

of adenylate cyclase was found to be accompanied by a transient loss of the

response to epinephrine, whereas as the effect of cholera toxin upon adenylate

cyclase activity was not impaired. Since cholera toxin is believed to stimu-

late adenylate cyclase by a direct action on the catalytic unit of the enzyme,

the loss of epinephrine responses in hCG desensitized luteal tissue suggests

that both receptors interact with a common pool of adenylate cyclase. Since

no loss of beta-adrenergic receptors was detected by binding studies in the

gonadotropin-desensitized ovary, it appears that gonadotropin-induced receptor

regulation leads to impaired coupling of the beta-adrenergic receptor with the

catalytic unit of adenylate cyclase. The receptor-depleted luteal cells showed

a less sensitive steroidogenic dose-response curve when stimulated by hCG, as

noted for testicular Leydig cells, indicating that maximum sensitivity of the

target cell requires the full complement of LH receptors.

In addition to the changes induced by receptor regulation and the mem-

brane level, the isolated luteal cells also showed a second lesion in the

steroidogenic pathway, reflect by decreased progesterone responses to LH and

other stimuli during the phase of receptor loss. Thus, as in the Leydig cell,

the hCG-induced decrease in LH receptors and hormone-sensitive adenylate cy-

clase in ovarian luteal cells causes a corresponding impairment of cyclic AMP

production, as well as more distal changes in steroid biosynthesis leading to

a decrease in progesterone production. These changes following gonadotropin-

induced desensitization in the ovarian luteal cell are possibly related to the

mechanism of luteolysis, which can be induced by gonadotropin treatment in

some species. It is possible that luteal desensitization represents a form of

transient or reversible luteolysis, and that the process of desensitization

may proceed to luteolysis if large doses of hormone are administered. The

relationship of these hormone-induced changes to the normal control of luteal

life span remains to be determined, but the sensitivity of the luteal cell

receptors to negative regulation makes this system a useful model for the

study of hormonal regulation of target cell receptors and functional re-

sponses. «

The process by which homologous hormones cause specific loss of their

receptor sites in target cells has not yet been clarified, though a depen-

dence on protein synthesis has been noted in several reports. Whether the

decrease in receptor sites is caused by shedding of occupied sites from the

cell surface or by internalization of the hormone receptor complexes, may

vary according to the target tissue. However, there is increasing evidence

that internalization may play an important role in receptor regulation in

hormone-responsive tissues. In the ovary, the initial site of interaction

between gonadotropin and luteal cell has been clearly localized at the level

of the plasma membrane. During current studies on the fate of labeled gonado-

tropin in the luteinized ovary, a significant proportion of the hormone-rece-

ptor complexes formed at the cell membrane were found to be internalized

and subsequently degraded. During this process, the fraction of internalized

complexes associated with particulate cellular structures retained the phy-

sico-chemical properties of the native hormone-receptor complex after detergent

solubilization and density gradient analysis. Internalization of labeled hor-

mone occurred over the same time course as the loss of receptor sites that
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was induced by hormone treatment. Following the initial location of bound '

radioactive hormone at the cell membrane, much of the hormone subsequently
entered the cells and a substantial degree of internalization was evident
after seven hours. This study, and others in various target cells, have shown
that a significant proportion of the hormone-receptor complexes undergo endo-
cytosis, and that this process accounts for much of the receptor loss induced
by occupancy with the homologous hormone. These observations are also consis-
tent with the possibility that the LH receptor sites are occupied only once

by the homologous hormone, and are then processed and degraded rather than

vacated and reutilized during subsequent hormone stimulation.

In addition to the investigation of receptor regulation and its meta-
bolic consequences in the target cell, studies were continued on the eluci-
dation of biochemical mechanisms involved in the hormonal control of steroido-
genesis. This includes the metabolic events that follow stimulation of trophic
hormone receptors in Leydig cells, luteal cells and adrenal fasciculata cells
by gonadotropins and ACTH. These studies are directed at clarification of

the membrane mediated responses initiated by interaction of hormones with
their receptors, and of the coupling mechanisms that intervene between recep-
tor occupancy and the biosynthesis of androgen, progesterone and cortico-
steroids. The work was performed in collagenase-dispersed target cells that

respond to physiological concentrations of the respective hormones, providing
systems amenable to analysis under conditions comparable to those which nor-
mally operate _in vivo

.

Significant advances in this area were made possible
by the use of purified target cells obtained by density gradient centrifuga-
tion of the enzyme-dispersed endocrine tissue, and the development of tech- 0k
niques for measurement of cyclic AMP bound to the intracellular receptors
that represent the regulatory subunits of the protein kinase holoenzymes
believed to mediate the actions of trophic hormones upon their steroidogenic
target cells.

An important advance has been the resolution of widely-noted apparent
discrepancies between cyclic .AMP and steroid responses in dispersed target
cells, findings that threw doubt upon the intermediate role of the cyclic AMP
and protein kinase at low concentrations of the respective trophic hormones.
By detailed analysis of cyclic AMP levels in hormone-stimulated Leydig
cells, with measurement of cyclic AMP bound to the protein kinase regulatory
subunit, close correlations between steroidogenesis and endogenous cyclic AMP
levels were observed during LH stimulation of testosterone synthesis. The
relationship between steroidogenesis and cyclic AMP formation in ovarian
luteal cells was also analyzed by measurement of cyclic AMP pools during
hormone action. Again, the progesterone dose-response curve was found to

be coincident with the progressive elevations of receptor-bound and intra- ^
cellular cyclic AMP throughout the range of the dose-related increase in

steroidogenesis. Of further interest was the finding in Leydig and luteal
cells that a 25-75% increase in occupancy of protein kinase receptors by

cyclic AMP was adequate to evoke the maximum steroid response to gonadotropin.
A similar series of studies was performed in the adrenal fasciculata cell
during stimulation by ACTH, demonstrating again that receptor-bound cyclic
AMP increased in a dose-related manner in close correlation with the in-

crease in corticosteroid production induced by low concentrations of ACTH. M
These observations in a variety of steroidogenic target cells have provided
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direct evidence for the role of cyclic AMP during hormonal activation of

steroid synthesis, and have revealed that extremely small changes in the

intracellular concentration and receptor binding of the nucleotide are suf-

ficient to mediate the entire range of steroid response induced by trophic
hormone stimulation.

The role of cyclic AMP in the steroidogenic response to physiological
concentrations of gonadotropin was further analyzed in studies of the actions
of hCG and choleragen in purified Leydig cells. This comparison was made to

study the selective ability of low concentrations of gonadotropin to induce

maximum steroidogenic responses while activating only a minute change in

cyclic AMP production, and to evaluate the possible existence of functional
compartmentalization within the target cell. The existence of two sets of

choleragen binding sites in the Leydig cell was demonstrated, and a cor-
responding biphasic testosterone response curve was observed when cells were

incubated with increasing concentrations of the toxin. The higher-affinity
choleragen binding sites were responsible for stimulating cyclic AMP-dependent
metabolic responses in the Leydig cell, and for mediating the gonadotropin-
like effects of choleragen. Low concentrations of choleragen increased the

production and receptor binding of cyclic AMP without a corresponding effect
on testosterone production. This discrepancy, and the higher sensitivity
of steroidogenesis to gonadotropin than to choleragen, in the presence of

similar changes in cyclic AMP production, are consistent with intracellular
compartmentalization of cyclic AMP and protein kinase at sites that pre-
sumably mediate the hormonal activation of steroidogenesis.

In the course of these studies, the characterization of protein kinase
in the rat Leydig cell was taken to completion, demonstrating the presence
of two kinase holoenzymes with molecular weights of 116,000 and 59,000. The
physical properties of the corresponding regulatory subunits, and the common
catalytic subunit, were determined by gel filtration, density gradient cen-

trifugation, and analytical gel electrophoresis. Both holoenzymes had the

properties of type I protein kinase, and the smaller species appeared to be

derived from the larger holoenzyme. It is proposed that the smaller enzyme
represents the R-C form of protein kinase, and is derived from the larger
R-,-C^ species. Occupancy of the regulatory subunits of the protein kinase
holoenzymes of the Leydig cell were further analyzed by gel electrophoresis
following stimulation of the isolated cells by low concentrations of gonado-
tropin j^ vitro . The molecular weights of the respective subunits derived
by this method were close to those calculated from the Stokes radii and sedi-
mentation constants of the subunits, and reciprocal changes in the concentra-
tion of holoenzymes and their dissociated regulatory subunits were evident
after minor elevations of intracellular cyclic AMP induced by incubation of

the isolated cells with physiological concentrations of gonadotropin. These
findings provided additional evidence for the essential role of the adeny-
late cyclase-cyclic AMP-protein kinase pathway in mediating the actions of

peptide hormones upon their steroidogenic target cells.

Further studies were performed on the regulation of gonadotropin se-

cretion in man and experimental animals, with particular reference to the

roles of LHRH, sex steroids and feedback effects of non-steroidal inhibi-
tory factors from the gonads. Direct studies on the regulation of LH re-
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lease by pituitary gonadotrophs were performed in 2-day cultures of enzyme- ^
dispersed pituitary cells. Such cells gave a sensitive response to levels
of LHRH between 10~ M and 10~ M, with an 8-10 fold stimulation of LH pro-

duction during the 3-hour incubation period. The LH response was sensitive
to LHRH concentrations down to 5pM, and the EDcq was about 10~ M LHRH. No

gonadotropin responses were elicited by other peptides such as TRH or bio-
logically inactive LHRH analogs. In the cultured pituicytes, addition of

cyclic AMP analogs or phosphodiesterase inhibitors did not stimulate LH

production, and caused no change in the sensitivity to LHRH or the raaxi- A
mum LH release. Similarly, cholera toxin and prostaglandin E, , both of

which stimulated cyclic AMP production, had little effect on LH release.

A wide range of LHRH concentrations did not stimulate cyclic AMP production,
or the levels of intracellular cyclic AMP and cyclic AMP bound to the regu-
latory subunit of protein kinase. These findings indicated that LH release
induced by LHRH is not accompanied by changes in cyclic AMP formation and
action, and that the mechanism of LH release in cultured pituicytes does not
operate through a cyclic AMP-dependent pathway.

The cultured pituicyte system was also applied to further investigation
of the gonadal factor known as inhibin, that is supposed to exert a non-
steroidal feedback effect upon the secretion of FSH at the hypothalamic-
pituitary level. Earlier work had confirmed reports that direct inhibition
of FSH secretion in vitro could be observed with aqueous extracts of testis,
rete testis fluid, bovine and porcine follicular fluid, and seminal fluid.
In particular, aqueous extracts of bovine testis and rete testis fluid were
shown to contain low molecular weight fractions which produced dose-dependent^
suppression of LHRH-stimulated gonadotropin release. Such suppression of FSH '

and LH release did not appear to be due to degradation of the added LHRH,
or of the released gonadotropins. These data support the concept that gona-
dal-pituitary regulation may involve molecules other than sex steroids, and
indicate the need for further analysis of this mechanism. This will be

performed by concentrating upon rete testis fluid and ovarian follicular
fluid as sources of the inhibitory factor, as these contain the inhibitor
in relatively high concentration and hold promise for simplification of the

isolation procedure. In initial studies, administration of porcine folli-
cular fluid in rhesus monkeys produced significant and selective decreases
in plasma FSH concentration, confirming the presence of a gonadotropin in-

hibitory factor in this fluid.

The role of gonadal steroids in the feedback control of pituitary LH

secretion was further investigated to clarify the relative contributions of

androgen and estrogen in this process. For this purpose, normal men were

treated with testosterone and estradiol to reproduce physiological concentra-
tions of the steroids, and treated with an antiestrogen, clomiphene, or an |

inhibitor of peripheral aromatization, teslac, to determine whether testo-
sterone would exert suppressive effects on gonadotropin secretion in the ab-
sence of conversion to estrogen. Administration of testosterone to mimic
the daily production rate of 7 mg/day suppressed LH and FSH by about 30%,
whereas infusion of estradiol at the mean production rate of 45 ug/day pro-

duced similar suppression of FSH and slightly less suppression of LH. Treat-
ment with dihydrotestosterone , an androgen which cannot be aromatized to

estrogen, was also effective in suppressing LH and FSH, indicating that therf
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is a pure androgenic component to LH suppression. However, treatment with

the estrogen antagonist, clomiphene, completely blocked the suppressive

effects of both estradiol and testosterone, emphasizing the importance of

aromatization of testosterone during regulation of gonadotropin secretion.

Furthermore, treatment with teslac to inhibit conversion of testosterone to

estradiol significantly elevated LH and FSH serum levels when serum estradiol

levels were reduced but testosterone levels were maintained. Gonadotropin

levels in men with functional castration or Leydig cell failure were unre-

sponsive to administration of the pure androgen dihydrotestosterone, but

showed a suppressive response to testosterone and estradiol. These findings

indicate that testosterone suppresses gonadotropin concentration both by

its actions as a pure androgen and also by its peripheral aromatization to

estrogen under normal physiologic conditions. It has become apparent that

the regulation of gonadotropin secretion in normal men is more complex than

originally believed, and this process will be further analyzed in animal

models to determine the anatomical sites of action of testosterone and estra-

diol feedback inhibition during their effects upon gonadotropin secretion.

The physiological control of ovarian function and endocrine regulation

during the reproductive cycle in pregnancy was extensively analyzed in the

rhesus monkey, as a model for understanding of ovarian function in the pri-

mate. The regulation of ovarian folliculogenesis , and selection of the domi-

nant ovarian follicle, was examined during the primate ovarian cycle in two

non-human primate species, the rhesus monkey and the cynomologus monkey.

Circulating patterns of gonadotropin and ovarian steroids were measured by

radioimmunoassay before and after manipulations that included follicle cau-

tery, luteectomy, and hemiovariectomy during the monkey menstrual cycle. In

addition to these studies on follicle growth during the non-fertile menstrual

cycle, the resumption of follicle growth was investigated in these animals

during the puerpurum. The relations between ovarian function and the concep-

tus, as well as the cessation of follicle growth during pregnancy, were also

studied during the fertile menstrual cycle. Due to the present shortage of

rhesus monkeys for primate research, the identification of an alternate model

for studies on reproductive endocrinology is of major importance, and to

this end the cvnomologus monkey (Macaca fascicularis) has been studied in

detail. Characterization of the pituitary gonadotropin and ovarian steroid

secretory patterns during the menstrual cycle were performed, with measure-

ments of chorionic gonadotropin levels and steroid output during gestation.

Also, the patterns of gonadotropin, estradiol and progesterone were deter-

mined during the post-partum interval throughout reinitiation of cyclic

ovarian function. These data have indicated that the cynomologus monkey can

serve effectively as a non-human primate model, and provides a convenient

substitute for the rhesus monkey.

As in the rhesus, the ovarian follicle destined to ovulate was selected

by the mid-follicular phase, at the expense of other follicles in the origin-

al cohort. The time course of new follicle growth after removal of the domi-

nant follicle was unaffected by the concurrent removal of one ovary. The next

follicle destined to ovulate was not selected until after the removal ot the

reigning dominant follicle. In the presence of the dominant follicle, the

contralateral ovary contributes little if anything to the regulation of fol-

licle growth, ovulation, corpus luteum function, or gonadotropin secretion.
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In contrast to species exnibiting bilateral ovulation, the compensatory rise^.
in gonadotropin release after unilateral ovariectomy in this primate depends

upon the ovary removed and the site of the dominant follicle. As in the

rhesus, follicle growth was arrested during the luteal phase, and new folli-

cle growth began prematurely following luteectomy. The next follicle destined

to ovulate was not selected until after the removal or demise of the corpus
luteum. In the presence of the corpus luteum, the contralateral ovary contri-
butes little if anything to the regulation of gonadotropin secretion, follicle
growth or corpus luteum function. Again in contrast to bilateral ovulators,^
the monkey ovaries function in sequence rather than in concept, and compensa-
tory gonadotropin increases after unilateral ovariectomy during the luteal
phase depend upon the ovary removed, and the function of the corpus luteum.

Studies in cynomologus monkeys during the puerpurum showed that luteec-
tomy at term did not advance the first ovulation post-partum, and did not

affect circulating gonadotropin levels. Therefore, other factors apart from
the puerpal corpus luteum or the tonic level of gonadotropins must contribute
to the regulation of f ollicogenesis in the post-partum period. Further stu-
dies in rhesus monkeys revealed that luteectomy on day 16 of pregnancy did
not uniformly produce abortion, even though progesterone levels were transi-
ently reduced to very low values. Also, bilateral ovariectomy at the same

time in pregnancy was similarly followed by maintenance of the conceptus in

half of the monkeys. Thus, follicle growth during the fertile cycle is inhi-

bited by the conceptus and by some other factor than progesterone, and the

conceptus acquires endocrine autonomy much earlier than previously believed.

In chronically hemi-ovariectomized rhesus monkeys, luteectomy was fol- ^
lowed by a major increase in serum FSH, but the time-course of new follicle
growth was unaffected. Also, no change in FSH levels occurred following lute-
ectomy in monkeys with two ovaries. Thus, after luteectomy the two ovaries
may work in concert to regulate gonadotropin secretion, but the contralateral
ovary makes the predominant contribution to this process. An ovarian factor

other than estradiol or progesterone appears to make a major contribution to

the regulation of FSH secretion after luteectomy. Also, f olliculogenesis and

the negative feedback regulation of gonadotropin secretion by the ovary appear
to be parallel but dissociable activities. Removal of either ovary four days

after luteectomy delayed the next LH surge by four days relative to the effect
of luteectomy alone, indicating that the dominant follicle is chosen after the

onset of menses but before day 8 of the cycle. These studies have further
clarified asymmetrical endocrine functions of the ovaries during the menstrual
cycle, and have provided evidence that the dominant ovarian follicle is selec-
ted during the first week of the menstrual cycle.

Another aspect of ovarian follicular function was studied by analysis oW
the proteoglycans present in porcine ovarian fluid. The monomer proteoglycan
was isolated from follicular fluid by isopycnic centrif ugation in the presence
of guanidine and protease inhibitors, and by gel filtration on sepharose 2B.

The properties of the ovarian proteoglycan were similar to those of the mono-
mer from bovine nasal cartilage, indicating a comparable molecular size. Fol-
licular fluid proteoglycans were composed of about 20% protein, 50% dermatan
sulfate, and 20% oligosaccharides. The aminoacid composition of the ovarian
material differed from that of cartilage proteoglycans, and its dermatan sul"
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fate chains were larger than those from cartilage. Analysis of disaccharide

units released by chondroitinase treatment revealed predominance of 4-sulfated

and 6-sulfated units. Alkaline reduction released two major sialic acid con-

taining oligosaccharides corresponding to penta and hexsaccharides . The

pentasaccharide contains sialic acid, galatose, glucosamine, and galactos-
amine in the proportions 1:2:1:1, was C-glycocy tically linked through the

galactosamine to the protein core, and accounted for the about 77% of all

sialic acid present in the follicular fluid proteoglycans. The follicular

fluid proteoglycans further differed from those of cartilage in that they

did not interact with hyaluronic acid, and were more readily digested by

trypsin, chymotrypsin, and plasmin to release dermatan sulfate peptides.

The regulation of corpus luteum function in the primate was further

studied by utilizing an in vitro system of isolated luteal cells from the

rhesus monkey. The ability of such cells from cycling or pregnant animals

to produce progesterone in vitro was a function of the stage of the menstrual

cycle and gestation. Cells from the mid-luteal phase of the menstrual cycle

produced the greatest amounts of progesterone, and were the most responsive
to gonadotropic stimulation with hCG. Luteal cells from early pregnancy

secreted little progesterone, and were unresponsive to hCG. However, with

advancing gestation, luteal cells again acquired the capacity for steroido-
genesis, and at term were similar to mid-luteal phase cells in their basal

and hCG-stimulated levels of progesterone production. It appears likely

that prolonged exposure of the corpus luteum to high levels of gonadotropin
during early pregnancy is responsible for the refractoriness to further

gonadotropic stimulation in vitro . Addition of estradiol was found to anta-

gonize the steroidogenic effect of hCG in isolated luteal cells, consistent
with the ability of estradiol to cause functional regression of the primate

corpus luteum _in_ vivo .

For in vitro studies on the cellular mechanisms that regulate luteal

function and luteolysis, a relatively prolonged culture period is required.

To this end, a method for the dispersion and isolation of monkey granulosa
lutein cells was developed, by collagenase dispersion and culture in Ham's

FIO medium. Progesterone production declined markedly between day 2 and

day 6, but remained detectable until day 10 and was responsive to hCG through-

out the ten days of culture. Two distinct cell populations were identified

in the cultured luteal cells, with respect to size and fine morphological
structure. These will be separated from each other and contaminating cells

prior to future studies on cultured luteal cells, designed to find the growth

characteristics and steroidogenic properties of homogeneous cell populations

derived from the corpus luteum.

Reproduction research in the primate depends upon an early and reliable

method for diagnosis of pregnancy. For this purpose, a hemoglutination inhi-

bition test suitable for pregnancy diagnosis in macaques was previously de-

veloped, and distributed to primate centers throughout the world. To the pre-

sent time, more than 700 of these subhuman primate pregnancy test kits have

been developed, sufficient for 35,000 pregnancy tests. The potential value of

this kit was extended by a series of studies designed to determine the inter-

val for most reliable detection of urinary chorionic gonadotropin in macaques

(rhesus and cynomologus) , baboons, marmosets, chimpanzees, orangutans, squir-
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rel monkeys, taraarins, and owl monkeys. In particular, pregnant chimpanzees A
and orangutans excreted gonadotropin at detectable levels from day 20 through

day 133 of gestation, and squirrel from days 40 to 60 of pregnancy. The preg-

nancy test yields definite results upon small volumes of urine within 2 hours,

and is much more accurate and sensitive than traditional methods for pregnancy

diagnosis such as palpation and bioassay.

The hormonal relationships between fetus, mother and placenta were fur-

ther studied in the primate, by analyzing the effects of maternal or fetal |^
hypophysectomy on the growth and development of the endocrine organs in fetal

rhesus monkeys. After maternal hypophysectomy, fetal adrenals were enlarged
3-fold, whereas fetal ovaries and thyroids were not affected. In contrast,

fetal hypophysectomy caused marked decrease in the growth of ovaries, adrenals,

and thyroids. These studies have shown the fetal endocrine organ-hypophyseal
axes of the rhesus monkey are dynamically active by mid-gestation. In parti-
cular, fetal hypophysectomy performed between days 114 and 117 of pregnancy
had marked effects upon subsequent gonadal development. The testes of infant

monkeys following hypophysectomy were only 1/3 of the normal weight, with de-

creased size of the seminiferous tubules and disordered spermatogenic epi-

thelium, with reduced total numbers of germ cells and increased intertubular

space. Also, the percentage of Leydig cells in the infant testis was markedly

reduced following fetal hypophysectomy. Clearly, the survival of gametes with-

in the fetal testes and ovaries of the primate is dependent upon fetal pitui-

tary secretion. These findings will be extended by analysis of gonadotropin

concentrations in fetal and infant serum at various stages of development, and

by studies on the feedback control of gonadotropin secretion J^ utero . ^
Two studies were performed upon the gametes of mice and man, to examine

the effects of hydrocarbons on murine oocytes, and the role of lipid peroxida-

tion in human sperm motility. The primordial oocytes of C57 B1/6N (B6) mice

were previously shown to be sensitive to polycyclic aromatic hydrocarbons.

These compounds are also known ovarian carcinogens, and the relationship be-

tween this action and ooctye destruction was of interest since tumors did not

appear until after destruction of the primordial oocytes. The effects of a

single injection of 3-methylcholanthrene upon mice oocytes in primordial and

small primary follicles was analyzed at the ultrastructural level. The car-

cinogen caused a significant decrease in primordial follicles by three days,

and complete depletion after seven days. Degenerative changes were evident

in the ooplasms of primordial follicles two days after treatment, and most of

the primordial oocytes were destroyed within three days. The ultrastructural

appearance of these degenerating oocytes following treatment with methylchol-

anthrene was very similar to that of spontaneously atretic oocytes in un-

treated animals. These findings suggest that the use of polycyclic aromatic

hydrocarbons to induce follicle regression may be of value in studying the 9r
normal atretic process. They also emphasize the possibility that environmental

pollution with hydrocarbons may have long-term effects on reproduction by de-

stroying oocytes if those of the human ovary are equally sensitive to these

agents.

The effects of aging upon sperm, with consequent decline in structural,

functional and fertilizing properties of the mature spermatozoa, has been

previously studied in the ram. It was shown that peroxidation of endogenous ^
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sperm lipids, or addition to spermatozoa of peroxidized unsaturated fatty
acids, caused loss of motility, structural damage, and decreased metabolic
activity of the spermatozoa. This process was further studied in man, and
peroxidation of the sperm phospholipid, closely associated with declining
motility, was also demonstrated in human spermatozoa. Immotile or poorly
motile spermatozoa from necrospermic or oligospermic semen exhibited higher
rates of peroxidation than spermatozoa from normal ejaculates. Addition of
peroxidized unsaturated fatty acids to washed sperm suspensions caused rapid
and permanent immobilization of the spermatozoa. In addition, human seminal
plasma was found to contain a non-ultraf ilterable factor which effectively
prevented, but did not reverse, the toxic effect of either endogenous or
exogenous lipid peroxides upon spermatozoa. Cold-shocked human spermatozoa
also exhibited an enhanced rate of endogenous lipid peroxidation. These
findings suggest that it should be possible to use the lipid peroxidation
reaction as the basis for a biochemical method of semen quality appraisal.

In addition to the biochemical studies on human sperm function, investi-
gations were performed upon the FSH requirement for maintanence of spermato-
genesis, and on the effect of varicocelectomy in infertile men. These studies
on clinical aspects of reproduction have shown that the effect of varico-
celectomy in men with infertility is less marked than previously believed.
Although earlier reports suggested that varicocelectomy is associated with
improved semen analysis and/or pregnancy rate in 40-75% of treated men, the
current study with more rigid patient selection based on strict criteria of
altered testicular function has shown only a 10% incidence of improved sperm
output following surgery. Nevertheless, the response of this smaller fraction
of affected patients is important, and application of the current criteria
can be expected to maintain the same overall extent of improved fertility,
while excluding patients who would not benefit from surgery.

The continuation of studies in men with hypogonadotropic hypogonadism
has demonstrated that the FSH requirement for the induction of spermato-
genesis is much lower than formerly recognized. After treatment with human
chorionic gonadotropin for one to seven years to stimulate secretion of
testosterone by the Leydig cells, administration of FSH with hCG has been
shown to induce complete spermatogenesis at doses of only 25-40 lU every
other day. It has also been found that after induction of spermatogenesis
is complete, maintainence can be accomplished by hCG alone, suggesting an
important dichotomy in the requirement for FSH in the induction and main-
tainence of the spermatogenic process. A further finding during studies on
hypogonadotropic men was that the absent prolactin release to chloropromazine
administration returned to normal following exposure to androgen. A simi-
lar finding has been described in hypogonadotropic women following treatment
with estrogen. These observations suggest that prolactin release to chloro-
promazine testing may be of value in distinguishing between hypogonadotropic
subjects and patients with constitutionally delayed puberty.

Previous studies on the actions of angiotensin II and aldosterone pro-
duction in the adrenal gland were continued, with particular emphasis upon
the regulation and characteristics of angiotensin II receptors in zona
glomerulosa cells during altered sodium balance. To facilitate these stud-
ies studies, the use of the rat as an experimental animal in research on
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aldosterone regulation was further evaluated, despite previous views that th^B
rat adrenal was relatively unresponsive to the renin-angiotensin system. In

fact, rat zona glomerulosa cells prepared by enzymatic dispersion were found

to be highly sensitive to angiotensin II in terms of aldosterone production,

being as responsive to the octapeptide as the canine adrenal glomerulosa cells

described in earlier reports. The rat adrenal receptors were highly concen-

trated in the capsular region of the gland, and were located in the membrane

fraction of the zona glomerulosa cells. Steroid production by isolated rat

glomerulosa cells was highly responsive to angiotensin II in ACTH, rising to^
a maximum of 6 to 7 times the basal value at 10 M angiotensin II. The marked

responsiveness of rat adrenal glomerulosa cells to angiotensin II indicated

the value of this species for further investigation of the regulation on aldo-

sterone secretion in the relation to electrolyte balance.

On this basis, the rat was employed for analysis of the mechanism of in-

creased adrenal sensitivity to angiotensin II during sodium restriction.

Brief periods of sodium restriction (for 36 hours) markedly increased the

aldosterone-stimulating effect of low dose infusions of angiotensin II, and

increased the binding of labeled angiotensin II to the zona glomerulosa in

vivo. In isolated glomerulosa cells, increased binding of angiotensin II was

also demonstrated after sodium restriction, and resulted from an increase in

both receptor affinity and a smaller rise in receptor concentration. Such

cells showed a correspondingly increased aldosterone responses to added angio-

tensin II, commensurate with the increased receptor affinity. More prolonged

sodium restriction (for four days), further increased the adrenal angiotensin

II receptor concentration, whereas affinity had returned to normal. Sodium ^
loading for the same periods produced the opposite effects on adrenal angio-

tensin II receptors and aldosterone production. The rapid regulation of re-

ceptor affinity and concentration during changing sodium intake provides a

basis for the dynamic modulation of aldosterone responses by dietary sodium

content. These receptor changes, and the converse effects of sodium loading,

serve as a local regulatory mechanism in the physiological control of adrenal

sensitivity and aldosterone secretion. Preliminary findings in uterine smooth

muscle - that sodium restriction decreases the concentration of angiotensin

II receptors - were consistent with the divergent effects of changing sodium

balance upon vascular and adrenal responses to angiotensin II.

The role of angiotensin II as mediator of the aldosterone response to

short periods of sodium restriction in the rat was further studied during ad-

ministration of a converting enzyme inhibitor (SQ 14,225) to block formation

of the octapeptide throughout the duration of decreased sodium intake. The

marked rise of plasma aldosterone concentration caused by four days of sodium

restriction was completely abolished by the simultaneously infusion of

SQ 14,225. Furthermore, analysis of early and late steps in aldosterone bio-'

synthesis, in the mitochondrial fraction of the zona glomerulosa, showed in-

creased cholesterol content and pregnenolone formation after sodium restric-

tion, and increased conversion of corticosterone to aldosterone. These in-

creases in steroid biosynthetic activity were also inhibited by infusion of

SQ 14,225. In control animals, the enhanced steroidogenic activity of the

zona glomerulosa during sodium restriction was accompanied by a rise in angio-

tensin II receptors. This change appears to depend upon increased blood angia^

tensin II levels, and contributes to the increased sensitivity of the adrenal
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to angiotensin II during sodium deficiency. The rise in specific receptors for
angiotensin II was also completely abolished when SQ 14,225 was infused
throughout the four days of sodium restriction. The absolute dependence of

adrenal gloraerulosa cell responses upon angiotensin II formation during short-
term sodium restriction indicates that the renin-angiotensin system is the
primary regulator of aldosterone secretion during physiological fluctuations
in sodium intake.

Studies on the angiotensin II receptors of smooth muscle were performed
upon particulate fractions of the rat and dog myometrium. To further analyze
the structure-function activities of angiotensin II upon its two major recep-
tor sites, the competitive binding activities of several fragments and ana-
logs of angiotensin II were studied in radioligand-receptor assays with I-
angiotensin II and dog adrenal glomerulosa and uterine particles. The binding
activities of the peptides were also compared with their potencies in stimu-
lating aldosterone production by isolated canine glomerulosa cells. Both N-
terminal and C-terminal fragments of angiotensin II displayed full binding-
inhibition activity in the receptor assays, and unexpectedly small fragments
of the molecule were active in this regard, albeit at high concentrations.
Thus, complete binding inhibition curves were obtained with fragments as small
as the C^ and Nn sequences of the angiotensin II octapeptide, in both adrenal
and uterine systems. In isolated adrenal cells, full aldosterone responses
were obtained with fragments as short as Cr and Nn . In general, the potencies
of the peptides decreased with decreasing chain length, and were closely cor-
related with the dissociation constants measured in particulate receptor sys-
tems. These data have indicated that each end of the angiotensin II molecule
has structural characteristics which allow binding to the receptor, and evoke
stimulation of the full biological response.

The regulation of angiotensin II receptors in the rat myometrium by ste-
roid hormones was investigated during the estrus cycle and pregnancy. Steroid
hormones appear to control uterine contractility, and estrogen is known to in-
crease alpha-adrenergic and oxytocin receptors in the myometrium. Specific
receptor sites for angiotensin II in the rat myometrium were highest at pro-
estrus and lowest at diestrus, and were reduced about 50% after castration.
Conversely, receptor sites were increasd by about 200% after estrogen treat-
ment for 36 hours, with no change in binding affinity. During pregnancy,
uterine angiotensin II receptors rose progressively from day 2 to a maximum
on day 9, then fell to control values on day 12. During the second half of
pregnancy, angiotensin receptors were lower than control, until one day after
delivery. The marked changes in angiotensin receptors between days 2 and 12
of pregnancy were mainly caused by increased binding at implantation sites,
with smaller changes in the myometrium. Although estrogens were shown to
regulate angiotensin II receptors, the changes observed during pregnancy were
not attributable to systemic estrogen levels, which show only a small rise
during the large increase of angiotensin II receptors, and continue to rise
during later pregnancy when the angiotensin receptor level is low. These
observations indicate that angiotensin II does not have an important role in
uterine contractility during parturition, but may be implicated in cellular
growth and differentiation in early pregnancy.
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The physiologic processes underlying normal and abnormal puberty were %
further investigated, with particular emphasis upon studies of adrenarche
and hypothalamic-pituitary maturation. A survey of rodents, domestic animals
and primates revealed that the chimpanzee is the only species having an adren-
arche similar to that of man. On this basis, studies will be initiated to

investigate the role of the hypothalamic-pituitary system in the induction of

adrenarche in the chimpanzee, employing human pituitary extract as the source
of adrenal-regulating factors. This work will also include an investigation
of the enzyme changes that occur in the adrenal gland during adrenarche. For |
this purpose, assays for 1 7-hydroxylase, 1 7-desmolase, 21-hydroxylase, and
3 beta-hydroxysteroid dehydrogenase, delta 4-5-isomerase are being established
with rabbit adrenal microsomes, and will subsequently be applied to chimpanzee
and human adrenal specimens. A related study, upon patients undergoing neuro-
surgical treatment, is in progress to investigate the role of pituitary factors
in the raaintainence of adrenal androgen secretion in man.

Investigations were continued on the etiology and effects of abnormal
sexual phenotypic expression, in particular to clarify the pathophysiology
of gynecomastia and hirsuitism, two common secondary sex phenotypic disorders.
Such disorders can result from abnormalities at several loci, incuding sex
steroid production, metabolism and clearance; sex steroid plasma binding; and
end organ receptor defects. Evaluation of each of these three loci in pat-
ients with gynecomastia and hirsuitism is in process to clarify the basis of

these disorders.

Studies performed in relation to gynecomastia have shown that crude ^
marijuana extract interacts with the estrogen receptor, and that this acti-
vity is not attributable to delta 9-tetrahydrocannabinol. Also, the commonly
used H-2 antagonist, cimetidine, has been shown to be an anti-androgen in the
rat, an observation of considerable clinical relevance. The use of receptor
binding analysis to screen compounds for androgenic potency has led to the
identification of a potent mineralocorticoid antagonist with greatly reduced
anti-androgenic potency. The clinical use of this compound could permit
more effective blockade of mineralocorticoid action in disorders of aldos-
terone secretion, with reduction of side-effects such as gynecomastia and
impotence produced by high doses of the presently available anti-mineralo-
corticoids

.

In related studies, the glucocorticoid receptor was quantified and char-
acterized in human and goat mononuclear cells and polymorphonuclear leuko-
cytes. Two forms of receptor binding were identified, suggesting that a

basal and activated form of the receptor may exist. A method for charac-
terizing the human glucocorticoid receptor in leukocytes from 20 ml of periph-^
eral blood has been developed. Goats were studied during hypercortisolism, ^
hyperthyroidism, and hypothyroidism, but no changes in glucocorticoid recep-
tor number or properties were identified. The known anti-glucocorticid , 11-

deoxycortisol (compound S) displays its inhibitory activity _in vitro , but not
in vivo . This has been found to be due to 1 1-hydroxylation of compound S in
vivo after administration to animals, and the steroid has been shown to be

active as an anti-glucocorticoid in adrenalectomized rats. This finding will
be applied to the evaluation of more potent analogs for potential use as anti-^
glucocorticoids in physiologic and clinical studies. ^
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Additional clinical studies were performed upon the diagnosis and evalua-
tion of patients with hyperfunction and other disorders of the pituitary-
adrenal axis. The standard diagnostic tests and principles of treatment of

pituitary-adrenal hyperfunction are well established, but problems remain
in the evaluation of the many patients who display clinical symptoms and signs
that are associated with these relatively rare disorders. Although numerous
screening tests have been devised, most of these are either unreliable or

expensive. Recent experience has shown that the usual baseline hormone
measurements and suppression tests repeated on the same patient may be vari-
able and difficult to interpret, particularly when patients display periodic
hormonogenesis , a not uncommon feature of adrenal disorders. The present
study is designed to compare several diagnostic tests commonly used in the

evaluation of adrenocortical function, and to develop improved tests and
procedures for this purpose. The patients studied in this program will also
participate in protocols designed to delineate the pathophysiology of their
disease state, and to evaluate the available modes of therapy. Patient selec-
tion will be directed primarily towards Gushing' s Syndrome, but the protocol
will include hypersecretion of any adrenocortical hormone.

The previously developed technique for noninvasive monitoring of cardio-
vascular function has been used to evaluate the effects of thyroid hormones
and beta-adrenergic drugs on target tissues. Thus, measurement of the OK,
interval (i.e. the interval between onset of ventricular depolarization and
arrival of the pulsewave at the brachial artery) provides a rapid and pre-
cise method for evaluation of thyroid, cardiovascular, and catecholamine
status. This was applied to diagnostic studies and monitoring of therapy
in patients with thyrotoxicosis, hypothyroidism, pheochromocy toma, and for
the titration of effects of beta-adrenergic blockers such as propranolol.
The method has also been employed to evaluate thyroid function in children
with cystinosis, and has indicated that these patients are generally euthy-
roid. The use of this technique for monitoring thyroid status has now been
well established, and the method will be used selectively for cases where
a reliable measure of end organ function is necessary, and for comparison
with measurements of plasma levels of thyroxin and trioiodothyronine

.

As illustrated by the studies summarized in this report, the clinical
scientists and investigators within the Endocrinology and Reproduction
Research Branch have maintained a broad range of investigations upon endo-
crine regulation and disorders of hormonal and reproductive function. The
use of analytical techniques ranging from molecular biochemistry to clinical
investigation will be continued, with the expectation that useful information
will be derived about the basic causes and optimal treatment of disordered
endocrine function and reproduction.
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Objectives

,

The objectives of this project are to clarify the role of the renin-

angiotensin system in the regulation of aldosterone secretion in physio-

logical and pathological conditions. This includes further characterization

of the properties and regulation of angiotensin II receptors, and their role

in the activation of adrenal steroidogenesis; elucidation of the mechanisms

of action of angiotensin II and other regulators of aldosterone secretion

in the zona glomerulosa; comparison of the angiotensin II receptors of adrenal

and smooth muscle, and their regulation by electrolyte changes and angio-

tensin II; and evaluation of the role of the renin-angiotensin system and

aldosterone in certain forms of clinical hypertension.

Methods Employed .

Radioimmunoassays of renin activity, angiotensin II, aldosterone, corti-

costerone, Cortisol, and cyclic nucleotides. Binding studies with I- and

^H-angiotensin II in adrenal cells and membranes, and uterine or aortic mem-

branes, enzymatic dispersion of adrenal glomerulosa and fasciculata cells.

In vivo and in vitro stimulation of aldosterone responses by rat and dog

"adrenal cellTT Measurement of agonist and antagonist activities of angiotensin

II fragments and analogues upon receptor binding and aldosterone production

in vitro .

Major Findings.

1. Role of [des-Asp^] angiotensin II in aldosterone regulation.

A comparison of the angiotensin II (All) octapeptide and [des-Asp j hep-

tapeptide was performed in zona glomerulosa cells from the canine adrenal

gland. The kinetic and equilibrium binding constants for each peptide were

similar, with no evidence of higher-affinity sites for the heptapeptide

.

The labeled peptide-eluted from cells incubated with [ H] or [ I] All was

All, with about 15% [des-AspM All. These findings demonstrate that local

formation of the heptapeptide is not an obligatory step in the action of All

on aldosterone production in the glomerulosa cell.

2. All receptors and aldosterone production in rat glomerulosa cells.

Specific receptors for All were further analyzed in the zona glomerulosa

of the rat adrenal gland. The properties of receptors were similar to those

of sites in canine and bovine adrenals, though in the rat All receptors were

confined to the zona glomerulosa, consistent with the sole action of All on

steroidogenesis in this region of the rat adrenal. The high sensitivity of

the rat glomerulosa cells to All indicated the responsiveness of the rat

adrenal to the renin-angiotensin system, in contrast to earlier beliefs that

this mechanism was not a major regulator of aldosterone production in the

rat. This finding indicated the potential value of the rat for studies on

the regulation of aldosterone secretion during sodium deficiency, as des-

cribed below.
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3. Control of aldosterone secretion during sodium restriction.

The mechanism of the increased sensitivity of the adrenal during sodium
deficiency was investigated in the rat. Short periods of sodium restriction
increased binding of All to adrenal glomerulosa receptors in vivo and in

vitro , in parallel with the increased aldosterone responses seen jm vivo

and in isolated glomerulosa cells stimulated with All in vitro. An initial \

change in receptor affinity (at 36 hr.) was followed by an increased number
of All receptors (at 4 days), and the isolated cells showed corresponding
changes in sensitivity and maximum steroid responses to All. This rapid

regulation of All receptor affinity and concentration during sodium restric-
tion provides an explanation for the dynamic modulation of aldosterone re-

sponses by dietary sodium intake.

The role of All as the direct mediator of the aldosterone response to

sodium restriction was studied in rats by administration of a converting
enzyme inhibitor (SQ 14,225) to block the formation of All during decreased
sodium intake. In control animals, short-term sodium restriction caused in-

creased adrenal All receptors, enhancement of early and late steps in steroid

biosynthesis, and elevation of plasma aldosterone production. Each of these

changes caused by sodium deficiency was completely blocked by infusion of

SQ 14,225. The absolute dependence of glomerulosa cell responses on All

formation indicates that the renin-angiotensin system is the primary regu-

lator of aldosterone secretion during physiological fluctuations of sodium i

intake.

4. Factors regulating aldosterone secretion.

The actions of All, ACTH and K were further studied in zona glomerulosa
cells to confirm the early and late effects of these stimuli on aldosterone
biosynthesis, the major action being exerted prior to pregnenolone synthesis.

The role of cyclic nucleotides in All action was further analyzed, demonstra-
ting that ACTH, serotonin and choleragen cause related increases in cyclic
AMP and aldosterone production; no change in cyclic AMP or cyclic CMP was

evident during the actions of angiotensin II and potassium. Thus, the latter

factors regulate aldosterone production via a non-cyclic nucleotide pathway,

and appear to share a common mode of action on the glomerulosa cell.

5. Adrenal and muscle receptors for All.

The receptors for All in uterine muscle and adrenal glomerulosa were

compared in terms of binding and activation properties for a wide range of

All derivatives, indicating marked similarities between the two sites. Also,

uterine All receptors were found to fluctuate during the estrous cycle and

pregnancy, indicating a potential role for All in the regulation of repro-

ductive functions.
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Significance

.

This project continues to yield new inf orTnation about the control
of aldosterone secretion, and the role of the renin-angiotensin system in

adrenal regulation and smooth muscle function.

Proposed Course.

The role of ion shifts in angiotensin action, and the steroid biosyn-
thetic changes induced by stimuli of aldosterone secretion will be analyzed
in more detail. The effects of changing sodium balance upon angiotensin II
receptors in adrenal and muscle will be further studied in the acutely
sodium-restricted rat, as a model for physiological regulation of receptors
and responses in angiotensin-target tissues. The role of angiotensin II
in receptor regulation will be further examined, by use of blockers of
angiotensin formation and action during sodium restriction. The systematic
study of the agonist and antagonist properties, angiotensin II fragments
and analogues will be completed in adrenal and uterus of rat and dog, and
the regulation of uterine All receptors will be investigated.

Publications .

Aguilera, G. and Catt, K. J.: Regulation of aldosterone secretion by
the renin-angiotensin system during sodium restriction in rats. Proc

.

Natl. Acad. Sci. U.S.A. 75, 1978.

Aguilera, G. , Hauger, R. L., and Catt, K. J.: Control of aldosterone
secretion during sodium restriction: Adrenal receptor regulation and
increased adrenal sensitivity to angiotensin II. Proc. Natl. Acad.
Sci. U.S.A . 75(2): 975-979, 1978.

Douglas, J., Aguilera, G., Kondo, T., and Catt, K. J.: Angiotensin II
receptors and aldosterone production in rat adrenal glomerulosa cells.
Endocrinology 102(3): 685-696, 1978.

Douglas. J., Hartley, P., Kondo, T., and Catt, K. J.: Formation of
des-Asp -angiotensin II is not an obligatory step in the steroidogenic
action of angiotensin II in the canine adrenal. Endocrinology 102(6):
1921-1924, 1978.

Oakes, G. K. , Fleischman, A. R., Catt, K. J., and Chez, R. A.: Plasma
renin activity in sheep pregnancy after fetal or maternal nephrectomy.
Biol. Neonate 31: 208-212, 1977.
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The feasibility of maintaining rhesus monkey granulosa lutein cells in
culture for long term studies was explored. Evidence is presented that
monkey (Macaca mulatta ) granulosa lutein cells can be maintained for at least
10 days in culture. Two distinct types of luteal cells were identified with ^
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production by cultures declined rapidly, but remained detectable until day 10.
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Recently, to facilitate short term studies at the cellular level, an

in vitro system was developed in this laboratory, utilizing dispersed
monkey (Macaca mulatta ) luteal cells in suspension. However, a longer

culture period is needed to study the cellular mechanisms that regulate

both luteal function and luteolysis. This study was undertaken to deter-

mine the feasibility of maintaining monkey luteal cells in culture for

long term studies and to correlate fine structural features with proges-

terone secretion. In addition, the effects of a gonadotropin, human chori-

onic gonadotropin (hCG) , were also assessed.

Methods Employed

The procedure employed to disperse and isolate monkey granulosa
lutein cells was developed in this laboratory. In short, fragments of

corpus luteum were dispersed in 0.2% collagenase in FIO-HEPES medium at 37 C,

in an atmosphere of 95% 0„; 5% CO^ with constant shaking.

The cell suspensions obtained from all dispersed treatments were
combined and cells were counted. The cells were ce^itrifuged and the pellet
was resuspended to attain a concentration of 5 x 10 cells/0.1 ml of medium.

The cells were plated in Costar dishes (#3524) by adding 0.1 ml of cell

solution (5 X 10 cells) per well followed by 1 ml of the appropriate
medium. Alternatively, 0.2 ml of the cell suspension was plated in

Corning (#25000) plastic culture dishes in 2 ml of the appropriate medium.

In some instances, cells were plated on sterile coverslips and cultured as

such. The cultures were maintained at 37 C in a 5% C0„: 95% air atmo-

sphere; the medium was changed every other day. Trypan blue exclusion was

used to determine cell viability at the end of the culture period.

The following culture media were used: 1) Ham's FIO-HEPES (FIO)

supplemented by 10% fetal calf serum, 2) Hank's M199 (M199) with glutamine
and 10% fetal calf serum, 3) Ham's FIO-HEPES without L-valine and 3.5 mg/1
D-valine (D-val-FlO) , supplemented by 10% dialyzed fetal calf serum, 4)

Ham's FIO-HEPES supplemented by 10% fetal calf serum and 100 ng/ml hCG (CR

119, 11,600 lU/mg, 2nd Int. Std. hCG)

.

Progesterone concentrations in the media were determined by radio-
immunoassay of unextracted samples. Details have been reported earlier.
Progesterone production by cultured, luteal cells was expressed as ng se-

creted/ml of medium/ 2 days/ 5 x 10 cultured cells.

For ultrastructural studies, freshly dissociated cells, as well as

detached cells found in the supernatant after 2 days of culture, were cen-
trifuged and the pellet was resuspended in 2.5% glutaraldehyde in 0.1 M
cacodylate buffer and fixed for 30 min. These cells were prepared for
transmission EM in the usual manner and embedded in Epon 812 in conical
capsules. Cultured cells in plastic dishes were fixed in 2.5% glutaralde-
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hyde in 0.1 cacodylate buffer at 37 C for 30 min. The cells were washed
with 0.1 M cacodylate buffer and postfixed in 1% 0, in 0.1 M cacodylate
buffer at 4 C for 30 min; then they were processed for transmission
electron microscopy.

Major Findings

4
In Ham's FIO medium 60% of the initial 5 x 10 cells plated attached.

Unattached cells were removed in media changes on day 2 (10,250 cells/dish,
x; n = 4) and day 4 (9,5000 cells/dish, x; n = 4) . Trypan blue exclusion
showed that 60-80% of unattached cells were dead or dying. At 10 days of
culture the number of cells per dish in FIO (55,500 ± 8,100 cells, x ± S.E.:
n = 5) was comparable to the number of cells when D-val was substituted
for L-val, and when 100 ng hCG/ml was added to FIO. The number of cells
was slightly higher when cultured in Hank's M199 medium. Progesterone (P)

production in, FIO medium declined markedly between day 2 (406 ± 94 ng/ml/
2 days/5 x lO"* cells, x ± S.E., n = 5) and day 6 (17 ± 10 ng/ml), but re-
mained detectable until day 10. Although hCG increased P production
(P < 0.01) throughout the 10 days of culture, it failed to prevent the
pattern of diminished P production. Cells cultured in FIO for 6 days
before exposure to hCG increased P production (P < 0.01). Cytologically

,

a large (35 ym) and a small (25 um) luteal cell populations were identi-
fied after dissociation. The large cells had agranular ER (AER) distri-
buted peripherally, whereas the smaller cells had more granular ER (GER)
and Golgi. Except for the cultures containing hCG, cultured cells appeared
similar. Regardless of composition of culture medium, 3 to 4% of the cells
in culture were large (50 to 70 um) . In these large cells the zone of
peripheral AER was absent and mitochondria became elongated with increased
age in culture. The smaller luteal cells were the predominant type
throughout the culture period. The smaller (stellate) luteal cells in
culture in FIO, D-val-FlO and M199 had diminished quantities of GER and in-
creased number of polysomes with advancing age in culture. Stellate
luteal cells maintained in the presence of hCG for 4 days or longer had
more AER, large ovoid nuclei and thread-like branching mitochondria. We
present evidence that these monkey luteal cells can be maintained for at
least 10 days in the condition described here.

Significance

The process of functional regression of the primate corpus luteum
in the menstrual cycle is not well understood; yet remains an important
determinant in fertility management, including contraceptive actions.
Granulosa lutein cells maintained in culture can be utilized to evaluate
directly primate luteal function and the influence of potential
luteotropic and luteolytic agents on the corpus luteum.

Proposed Course

Presently attempts are made to separate the two different size luteal
cells from each other, as well as from other contaminating cells, prior to
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short or long term studies. The initial objectives of this study is to
define growth characteristics and steroidogenic properties of homogeneous
cell populations of the different types of isolated luteal cells.
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As described in previous reports, a hemagglutination inhibition test suitable

for the diagnosis of pregnancy in macaques has been developed in this laboratory

The Subhuman Primate Pregnancy Test Kit , distributed under the adgis of the

Contraceptive Development Branch, Center for Population Research, NICHD has b^n
sent to primate facilities all over the world. To date, more than 700 kits h^!

been delivered, sufficient for 35,000 pregnancy tests. In order to realize the

full potential of this kit, we have undertaken a series of studies to determine

the interval for most reliable detection of urinary chorionic gonadotropin in

macaques (Rhesus and Cynomolgus) , baboons . marmosets , chimpanzees , orangutans
,

squirrel monkeys , tamar ins

,

and owl monkeys .

614

PHS-6040



Project Description : ZOl HD 00030-04 RR

The need for early, reliable diagnosis of pregnancy in primates derives
from their importance as surrogates for man in biomedical research where the
earliest possible diagnosis of pregnancy is required, such as investigations
of teratogenic agents and imporving the efficiency in breeding management
situations

.

Urine specimens were collected from chimpanzees, orangutans and squirrel
monkeys at various intervals throughout pregnancy. Using the Subhuman Primate
Pregnancy Test Kit, these specimens were tested in this hemagglutination in-
hibition test to determine the interval during which investigators could ex-
pect a reliable diagnosis of pregnancy.

Pregnant chimpanzees excret chorionic gonadotropin at detactable levels
from day 20 until near 133 days in gestation, orangutans the same and squirrel
monkeys from 40-60 days in pregnancy. As these results illustrate, the Sub-
human Primate Pregnancy Test Kit is a valuable laboratory tool for use with
a variety of species. However, its proper application requires careful
testing of each type of primate because of widely different patterns of
chorionic gonadotropin excretion.

By comparison with traditional procedures for diagnosis of pregnancy in
primates, including palpation and bioassay, this hemagglutination inhibition
test is obviously the method of choice. This test yields definitive results
within 2 hours, requires only 2 drops of neat urine, and can be conducted ad-
jacent to the animal quarters without elaborate instrumentation.

Publications :

Hodgen, G.D., Stouffer, R.L., Barber, D.L., and Nixon, W.E.: Serum Estradiol
and Progesterone During Pregnancy and the Status of the Corpus Luteum at
Delivery in Cynomolgus Monkeys ( Macaca f ascicularis ) : A Note on Pregnancy
Diagnosis. Steroids 30: 295-301, 1977.

Hodgen, G.D., Stolzenberg, S.J., Jones, D.C.L., Hildebrand, D.F., and Turner,
C.K.: J. Med. Primatology 7 : 59-64, 1978.
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The effects of maternal or fetal hypophysectomy on the growth and development

of endocrine organs of fetal rhesus monkeys was studied. After maternal hypo-

physectomy, fetal adrenals were enlarged 3 fold; whereas fetal ovaries and

thyroids were not affected strikingly. In contrast, fetal hypophysectomy led —
to markedly diminished growth of ovaries, adrenals and thyroids. We conclude^'

that the fetal endocrine organ - hypophysial axes of the rhesus monkey are

dynamic systems by mid gestation; perhaps able to monitor and integrate the

fetal compartment with the entire hormonal milieu of pregnancy. Survival of

gametes within the fetal ovaries of these primates is dependent primarily on

secretions of the fetal pituitary. Likewise, growth of seminiferous tubules

within fetal testes depends very much on hormone output from the fetal hypo-

physis. ^
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Obj ectives

In previous reports, we have examined the hormonal interrelationship

within and between the maternal, fetal and placental endocrine compartments

of the pregnant rhesus monkey (Macaca mulatta ) by performing a variety of

surgical ablations.

It, however, remains unclear whether or not fetal gonadal differentiation

is dependent on the influence of such extragonadol substances as the gonado-

tropins. In the rhesus monkey only the fetal and the maternal pituitary

glands are the pateutial sources of gonadotropic stimulation during mid- and

late gestation, because the placental macaque chorionic gonadotropin is not

detectable in serum, urine and placental extracts beyond the sixth week of

pregnancy. The objectives of this work were to determine how the development

of the fetal gonads is affected in the absence of either fetal or maternal

pituitary gonadotropins by ablation of the hormone source.

Methods Employed

Maternal hypophysectomy between 58 and 71 days of pregnancy was performed

using a parapharyngeal technique. Following abdominal hysterectomy, fetal

hypophysectomy was performed between 114 and 117 days of pregnancy, using a

transbuccal approach.

Pregnancies were terminated either by natural delivery or elective cesar-

ean section near the expected term date. Completeness of hypophysectomy was

confirmed from histological examination of the sella turcica. Gravimetric

studies were conducted on the fetal gonads.

Maj or Findings

Maternal, but not fetal, hypophysectomy produced a generalized fetal

growth retardation. Term infant mean adrenal, but not thyroid, weight was

elevated significantly (P < 0.05) following maternal hypophysectomy. Con-

versely, mean testicular, adrenal and thyroid weights were markedly reduced

(P < 0.05) in term infants following ablation of the fetal hypophysis.

Maternal hypophysectomy had no adverse effects on the morphology of term

infant testes. In contrast, within testes of infants following ablation

of the fetal hypophysis, the course of the spermatogenic epithelium was dis-

ordered and seminiferous tubules were undersized. Quantitative data indicate

that fetal hypophysectomy resulted in a reduction in total numbers of germ

cells and a significant increase in the inter-tubular space. Infant testis

weights were reduced 3-fold after fetal hypophysectomy. The percentage of

Leydig cells were markedly reduced (P < 0.05). We conclude that a dynamic

interaction of fetal and maternal hypothalamic-pituitary axes governs the

development of the fetus and its endocrine organs. Survival of gametes

within the fetal ovaries and testes of these primates is dependent primarily

on secretions of the fetal pituitary.
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Having learned that secretions of the fetal pituitary are essential to

normal growth and development of ovaries and testes ui utero in rhesus

monkeys, we now set out to examine the secretory capacities of the fetal and

newborn monkey hypophysis. Specifically, we will begin by characterization
of FSH and LH concentrations in fetal and infant serum at various "ages."

Tests will be conducted to examine both negative and positive feedback con-

ditions which regulate gonadotropin secretion _in utero . m

Publications :

Gulyas, B.J., Tullner, W.W. , and Hodgen, G.D.: Fetal or Maternal Hypophysec-
tomy in Rhesus Monkeys (Macaca mulatta ) : Effects on the Development of

Testes and Other Endocrine Organs. Biol . Reprod . 17 : 650-660, 1978.

^u.
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Many peptides with unique structural features display distinct biological pro-

perties. The studies of this project were aimed at the analysis and synthesis of

molecules with rarely encountered amino acids. Of foremost concern were; (a) the

synthesis of precursors of ring A of nisin , a peptide with a, g-unsaturated and

thioether amino acids; (b) the action of peptide structures based on nisin and/or

the linear gramicidins on neonatal and neoplastic tissue ; (c) the synthesis of

analogs of the gramicidins A, B, and C, and the correlation of their structures

with ion-transport across lipid bilayers; (d) the synthesis of peptides with

agonistic and antagonistic effects on fertility regulating hormones inclusive of

the large-scale preparation of the luteinizing hormone releasing factor (LRF ) for

clinical purposes; (e) the exploration of dehydroalanine resins for the synthesis

of peptide amides; (f) the synthesis of analogs of opioid peptides with agonist

and/or antagonist properties; (g) the synthesis of analogs of a pentapeptide

ijith chemotactic and anti-chemotactic characteristics; (h) the structural inves-

tigation of the heterodetic pentacyclic peptides CINNAMYCIN and DURAMYCIN ; (i)

the development of new techniques for peptide synthesis , amino acid analysis ,

and the nonenzvmatic cleavage of the peptide bond.
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Objectives :
,

Structural elucidation, chemical modification, and partial and/or total
synthesis of physiologically interesting peptides which: (a) incorporate
unique structural features brought about by the presence of a, 3-unsaturated
and thioether amino acids; (b) represent portions of the sequence of hormoig
of the reproductive endocrine system and are useful for immunological inves-
tigations and applications; (c) display hormone releasing or hormone release
inhibiting properties; (d) affect neonatal and neoplastic tissue; (e) show
ionophoric characteristics and mediate the transport of ions across lipid
bilayers and biological membranes; (f) are chemotactic or anti-chemotactic
for neutrophils; (g) are structural variants of the naturally found amino acid
assemblies with opiate like activities. Chemical, physical, and biological
studies with membrane activite peptides. Chemical modification of amino acids
and development of nonproteolytic methods for the selective cleavage of pep-
tide bonds. Isolation and characterization of subcellular constituents from
developing tissue. Development of new approaches to the synthesis of peptides
of physiological interest. Design, development, and implementation of new
techniques and instrumentation in amino acid analysis and peptide synthesis.

Methods Employed :

Highly selective and thermostable proteases (e.g. thermolysin) in com-
bination with newly developed nonproteolytic techniques for the structural w '

elucidation of peptides with infrequently seen amino acids. Dehydroalanine
linkage of amino acids to carriers in the solid phase synthesis of peptides
and peptide amides. Alkylamidated residues of dehydroalanine to incorporate
(jj-amide functions in endo-positions of the peptide chain. Novel-type pro-
tecting groups meeting the requirement of highly selective removal in peptide
synthesis. Approaches to the synthesis of amino acids with multiple centers
of chirality under the conditions of stereochemical control. Advanced tech-
niques for the separation of closely related molecular species and their
analysis, e.g. specifically developed sample application and data acquisition
in amino acid analysis; counter current distribution, conventional and high
pressure liquid chromatography; electrophoresis; circular dichroism; polari-
metr3/; mass spectrometry; nuclear magnetic resonance; x-ray analysis.

Major Findings :

Peptide Synthesis and Biology: Successful synthesis of the biologically
fully active releasing factor for luteinizing hormone (LRF) in gram quanti-^^^

ties for clinical studies. This large-scale preparation of a decapeptide
"

with one residue of arginine and glycine amide in the COOH-terminal position
required the application of refined techniques to incorporate the guanido

group and the carboxaraido function indicated, at the scale at which the syn-
thesis had to be conducted, like refinements were necessary in approaches to

activation to incorporate satisfactorily amino acid residues, such as trypto-
phan, tyrosine, and serine. The experience gained is considerable. It will
greatly facilitate future syntheses of the native releasing factor and tho:g|

of hyperactive and/or release-inhibiting analogs.
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Synthesis of thyrotropin releasing hormone for clinical studies.

Synthesis of partial sequences of Ring A of nisin for the assembly of
the HoN-terminal fragment of the native molecule. Ring A of nisin contains
meso-lanthionine, an amino acid hitherto not found to occur naturally. Pre-
servation of the two centers of opposite chirality in this amino acid is now
assured by the proper selection of precursors and reaction conditions.

Synthesis of analogs of the gramicidins A and B: The synthesis of formyl-
(tryptophyl-glycyl)-(tryptophyl-leucyl) 5-tryptophyl-ethanolamine and that of

formyl-(tryptophyl-leucyl)7-tryptophyl-ethanolamine is accompanied by tert-
butylation of the indole moiety in tryptophan. This is a consequence of the
use of the widely-employed tert-butyloxycarbonyl group to protect a-amino
groups during coupling steps. Other urethan-type protecting groups are to
replace the tert-butyloxycarbonyl groups to overcome this difficulty with
tryptophan-containing peptides. Gramicidin B analogs of high purity in which
the three residues of tryptophan are replaced by phenylalanine embed in lipid
bilayers to form transmembrane channels and mediate ion transport across this
barrier between aqueous compartments.

In all syntheses of analogs of the linear gramicidins attention is paid
to the strictly alternating pattern of configurations, a fact that is vital
for 3-helix formation and ion transport across lipid bilayers.

Synthesis of peptides with partial sequences of the gramicidins A and B

containing a, 3-unsaturated amino acids for studies of their effect on neo-
natal and neoplastic tissue.

Synthesis of analogs of the pentapeptide (phenylalanyl-leucyl) o-phenyl-
alanine. This molecule is chemotactic or anti-chemotactic for neutrophils
depending upon the type of protection carried at the amino group of residue 1.

Replacement of phenylalanine by p-chlorophenylalanine sets the stage for the

incorporation of tritium, thus providing derivatives useful in studies aimed
at the better understanding of structure and fuction.

Synthesis of enkephalin analogs to provide molecular species with agonist
or antagonist properties.

Peptide Analysis :

Among the products of partial acid hydrolysis of cinnamycin and duramycin
appeared a component the identity of which remained to be established. Elution
from the ion exchange column of the amino acid analyzer between the erythro-
and threo-isomers of hydroxyaspartic acid and the possibility of dehydration
via 3-elimination pointed to dehydroaspartic acid as reaction product in
partial hydrolysates of cinnamycin and duramycin. Comparison with authentic
synthetic material confirmed the unknown acidic moiety in partial acid hydro-
lysates of cinnamycin and duramycin to be dehydroaspartic acid. While there
are no ::, 3-unsaturated amino acids in cinnamycin and duramycin (as isolated
from their native microbial sources) , the possible conversion of hydroxyaspar-
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consequence. The same type of conversion takes place under in vivo conditions.
There it is catalyzed by enzymes.

Other amino acids in cinnamycin and duramycin that are related to a,3-
unsaturated precursors are lanthionine, 3-raethyllanthionine, and lysinoalanine
(previously not seen to occur in nature)

.

Significance to Biomedical Research and the Program of the Institute "i
'

The determination of the order of amino acids and the synthesis of pep-
tides with unique structural features are a necessity for the understanding
of the effects exerted by these molecules on endocrine function. Amino acid
assemblies capable of controlling the release of hormones are of foremost con-
cern. The execution of well-controlled procedures of peptide synthesis pro-
vides molecular species for clinical applications aimed at fertility regula-
tion.

Nisin, the H^N-terminal fragment of nisin, and the linear gramicidins
act on neonatal and neoplastic tissue by inducing fetal resorption in rodents
and inhibiting the growth of tumor cells. The modes of action responsible for
these effects remain to be elucidated. Working hypotheses call for: (a) the
addition of essential nucleophilic groups in the physiological environment
across the double bond of unsaturated amino acids, such as dehydroalanine
(cf. nisin and it fragments); (b) the distrubance of vital ion equilibria
existing on either side of the biomembrane (cf . the ionophoric and transmertfji

|,

brane-channel forming properties of the gramicidins A, B, and C, and their

synthetic analogs). a, 3-Unsaturated amino acids may be vital to many physi-
ological processes. The structural features seen in these unique amino acias
are related to the amide and keto-function - both very well established struc-
tural elements of physiological consequence - and to the peptide bond - a

linking feature of no lesser biological significance.

The amide function is seen at the carboxyl terminus of all structurally
established hormone releasing factors. It is also found in the same position
of numerous other biologically active peptides. The group of neurohypophysi-
cal peptides is a case in point. The use of dehydroalanine as vehicle for

the attachment of peptides to carriers in solid phase peptide synthesis and

the direct conversion of this amino acid to the amide function in the exo-
and in endo-positions of the peptide chain are a development that benefited
from the chemistry developed in this laboratory subsequent to the discovery
of dehydroalanine and dehydrobutyrine in nisin and in subtilin.

The linear gramicidins are distinquished from all other known peptide^! '

structures by the regularly repeating pattern of L- and D-conf igurations

.

This gives rise to a unique hydrogen bond stabilized helix capable of embed-
ding in lipid bilayers and biomembranes and the mediation of ion transport
through the transmembrane channels formed. The effects of the native linear
gramicidins and their synthetic analogs on neonatal and neoplastic tissue
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(vide supra) are believed to be the immediate consequence of the physical
properties indicated and brought about by the structural features instrinsic

to these molecules.

The peptides for which chemotactic and anti-chemotactic properties have

been demonstrated (vide supra) are partial sequences of analogs of the linear
ZOl HD 00035-04 RR

gramicidins. Assuming a mode of action different from that involving ion

transport only, more subtle details of the relationship between structure and

cheraotaxis are to be investigated subsequent to the incorporation of radio-

activity provides important tools for the purpose of early diagnosis (radio-

immunoassay) under normal and/or pathological circumstances.

Proposed Course of Project :

Further improvements in the gram-scale synthesis of hormone releasing

and hormone release inhibiting factors for fundamental and clinical investi-

gations. Synthesis of H2N-terminal protected peptide amides with properties

antagonistic to the release of luteinizing and/or follicle stimulating hor-

mone. Synthesis of analogs of the linear gramicidins with and without radio-

label for autoradiographic investigations and studies to elucidate the modes

of action of these peptides in the various physiological effects they cause

(action on neonatal and neoplastic tissue; embedding in membranes; exploration

as chemotactic and/or anti-chemotactic agents) . Synthesis of partial sequences

and individual ring systems of nisin; exchange of amino acids in and incorpora-

tion of radio label into these peptides.

Synthesis of analogs of opioid peptides (enkephalin and endorphin) with

the prime objective of providing antagonists.

Synthesis of chemotactically and anti-chemotactically active peptides

with alignments of the amino acids that are patterned on partial sequences of

the linear gramicidins. Incorporation of radiolabel (tritium via dehalotri-

tiation) for the purpose of exploring proposed mechanisms of chemotaxis.

Development and improvement of methods for the synthesis of peptides.

Introduction of new types of protection for the functional groups of amino

acids (the large scale synthesis of the luteinizing hormone releasing factor

is one of cases that made evident the inadequancies of existing protecting

groups; in this particular situation none of the protections for the guanido

group of arginine proved satisfactory; ornithine, suitably protected at the

5-amino group was employed as precursor; a guanidination reaction was executed

subsequent to deprotection) . Several of the protecting groups under considera-

tion are based on the chemistry of thioether and a, S-unsaturated amino acids.

Development of non-proteolytic techniques that are (a) applicable in

general to the fragmentation of peptides and proteins; (b) conceived for the

specific needs of establishing rare structural features, such as those seen

in cinnamycin and duramycin. Correlation of identical structural components

(e.g. a,3-unsaturated amino acids, lanthionines , lysinoalanine, and hydro-
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ingly different origin followed by the pursuit of phylogenetic aspects.

Isolation, purification, and characterization of peptides of natural
origin and chemical synthesis of peptides for the study of their inhibitory
potential on intrauterine growth. Systematic screening of compounds of dif-
ferent chemical structure for activities on neonatal and neoplastic tissue.
Spectroscopic investigation (nuclear magnetic resonance with different nuc!^]"',

and circular dichroism) of the linear gramicidins and fragments of nisin in'

their interaction with lipid bilayers of known composition and adequately
analyzed biomembranes . Conductance measurements and detailed investigations
of the ion transport brought about by the gramicidins A, B, and C and syn-
thetic analogs with amino acid exchanges. Isolation and characterization of

subcellular constituents from developing tissue. Improvements in the design
and construction of amino acid analyzers and peptide synthesizers.
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Lauger, P., and Gross, E. : Studies on the gramicidin channel. In Semenza,
G. and Carfoli, E. (Eds.): Biochemistry of Membrane Transport , Berlin,
Germany, Springer-Verlag Berlin, 1977, pp. 179-201.

Gross, E.: Chemistry and biology of amino acids in food proteins: lysino-
alanine. In Feeney, R. E. and l\rhitaker, J. R. (Eds.): Food Proteins : _^

Im.provement Through Chemical and Enz>Tnatlc Modification . Washington, D. C .r

American Chemical Society, 1977, pp. 37-51.

Pert, C. B., Bowie, D. L., Pert, A., Morell, J. L., and Gross, E.: Agonist-
antagonist properties of N-allyl-[D-Ala] '--Met-enkephalin. Nature , 269:73-75,
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J. H., and Gross, E.: Inhibition of lipoprotein binding to the cell surfac^'
;

receptors of fibroblasts following the selective modification of arginyl

residues in the arginine-rich and B apoproteins. J . Biol. Chem . , 252:7279-
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ZOl HD 00035-04 RR
Pallai, P., Wakamiya, T., and Gross, E. : Studies on the synthesis and Biology
of nisin: Ring A. In Goodman, M. and Meienhofer, J. (Eds.): Peptides ,
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Solid Phase Methods in Sequence Analysis (1977) , Amsterdam, The Netherlands,
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Mathematical models have been developed to describe hormone-receptor inter-

actions in complex cases, involving heterogeneity of hormone and/or receptor,

positive and/or negative cooperativity , and failure to achieve equilibrium or

steady-state conditions. Special attention has been paid to the case, where

either the association rate or dissociation rate constants are linear funct:M -s

of receptor occupancy. Special attention is also given to the situation whei.'e

the ligand is flexible and contains several functional moieties, each of which

is binding to a separate subsite on the receptor area of the membrane. By use

of computer simulations and curve fitting techniques, we have studied factors
j

which affect ligand affinity, "intrinsic activity" or efficacy, and the struc-

tural requirements for the formation of full agonists, partial agonists, partial

agonists/antagonists, and the distinction between competitive and noncompetitiv|e

antagonists. These models are now being applied to a variety of systems. ijMf.i

computer programs have been developed for estimation of affinity constants in

complex systems. New techniques have been developed for the analysis of

receptor-response coupling, by means of a "Logit-Logit" approach.
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Objectives

:

This project is directed toward development of mathematical, statistical,

and conceptual models of hormone-receptor interactions and the coupling of

hormone binding to physiological actions. These models deal with protein

and polypeptide hormones, but are also applicable to steroids, drugs, and

neurotransmitters. In addition to mathematical modeling of hormone receptor

and receptor-effector systems, we have developed mathematical models for

several other areas of endocrinology.

Methods Employed :

Techniques of mathematical modeling, with emphasis on computer simulation,

curve fitting techniques, and Monte Carlo methods.

Major Findings :

A new model has been developed, which appears superior to the previous

models of hormone-receptor interaction. This model allows for the well-known

observation that hormones contain multiple functional entities or moieties,

and may be designated as the "Multi Subsite Model." An explicit model has

been developed which permits the simultaneous equilibrium analysis of any

number (e.g. m) ligands competing with a receptor area which contains up to

any number (e.g. n) subsites. This model incorporates all of the properties

of equilibrium models involving receptor heterogeneity, and is also a versa-

tile, general model which can allow for either positive or negative coopera-

tivity. Indeed, this model can be shown to be mathematically identical with

the step-wise or Adair model. Thus, one can obtain a binding isotherm of

virtually any shape. By specifying which of the various pool classes are

active (e.g., we may assume that the receptor will be activated only when a

molecule has bound all of the available subsites) we are able to predict

the relationship between occupancy and response. Interestingly, under

many circumstances, this will lead to a biphasic dose-response curve, which

first rises, reaches a plateau, and then falls. Further, we can study the

properties of molecules which are either partial agonists, corapetetive or

noncompetetive antagonists. We have shown that under various conditions, a

single molecular species may serve either as a partial agonist, competitive

or noncompetitive antagonist. A general program for simulation and for curve

fitting for the equilibrium case have been worked out. Further, the nonequi-

librium properties of this model have been explored. In particular, we find

that the presence of 2 subsites on the receptor can result in a phenomenon of

accelerated dissociation of labeled ligand, in the presence of increasing

concentrations of unlabeled ligands. Thus, the "multi-subsite model" is

able to explain the celebrated "DeMeyts effect" which has been observed for

insulin binding to IM-9 lymphocytes and in approximately a dozen other

hormone-receptor systems.

A new method has been developed for simultaneously fitting families of

dose response curves (computer program "ALLFIT"). This permits optimal ex-

traction of information from structure-function studies of several analogs
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of a given hormone, drug, or neurotransmitter. This program has been used

successfully to describe binding curves, response curves in terms of adeny-

late cyclase or cyclic AMP accumulation, or activation of protein kinase.

In effect both the binding curve and the response curve are described by

Logit-log models or the corresponding 4 parameter logistic model. Then, the

relationship between steady-state binding and steady-state response may be

viewed either in the original coordinate system, or in a linearized form, ^
where both the occupancy and the response are shown on Logit-scales . MethodPI

for the statistical analysis of these data have been developed, permitting one

to develop joint 95% confidence regions for the 4 parameters which completely

describe the occupancy-response coupling relationship. This should make it

possible to utilize a quantitative approach to measure response-occupancy

coupling, rather than simple emperical or graphical methods. Further these

tools should be useful, when employed together with specific models for re-

ceptor response coupling, e.g., the stocastic or probabalistic models de-

veloped by Bergman (Journal of Biological Chemistry, May 10, 1978).

New programs are under development for analysis of binding isotherms,

to provide a "spectrum" or continuous distribution of affinity constants or

binding energies. Also, studies are in progress to interrelate the multi-

subsite model with the clustering models which have been developed in the

context of theoretical immunology. Numerous collaborative projects are

underway with several groups throughout the country, to assist in data

processing and mathematical modeling in a variety of systems.

Significance to Biomedical Research and the Program of the Institute :

Much current research interest centers around the binding of hormones,

drugs and neurotransmitters to their naturally occurring receptors. The

models which have been developed here should be generally applicable to

endocrinology and to neurobiology. Further, these models are now suffi-

ciently well advanced, so that they can be used to make predictions in

specific systems, and to assist significantly in the design of experiments

to discriminate among the possible mechanisms of action.

Proposed Course :

We expect that the models currently under study will continue to evolve

in collaboration with several experimentalists at the National Institutes

of Health and throughout the country. The models will be progressively

refined and used as guides to experimentation. As new experimental results

become available, the models will be developed further. In this process, a

series of computer programs will continue to be developed for routine use

in analysis of binding systems. We expect to have considerable increased

application of these models to systems such as protein and polypeptide

hormones, e.g., angiotensin, catecholamines, and steroid receptors.
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in press.
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in press.
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The effects of thyroid hormones and beta adrenergic agonists on target tissues

may be evaluated by noninvasive monitoring of cardiovascular function. New

techniques have been developed and evaluated for this purpose. The QKD inter-

val , i.e., the interval between the onset of ventricular depolarization and

the arrival of the pulse wave at the brachial artery provides a rapid, innoc-^f;

uous, precise, reproducible, noninvasive technique for evaluation of thyroid

cardiovascular and/or catecholamine status . This has been used for diagnosis

and monitoring of therapy for patients with thyrotoxicosis, hypothyroidism,

pheochromocytoma, and in the titration of effects of beta adrenergic blockers

such as propranolol. This method has now been applied to evaluate thyroid

function in children with cystinosis, and appears to indicate that these

patients are generally euthyroid. t
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Object ives

:

Develop and evaluate methods for noninvasive monitoring of thyroid
status, catecholamine stimulation or blockade, and myocardial contractility
in patients with drug-induced or other cardiomyopathies.

Methods Employed:

A new method has been developed called "Sphygmo-Recording," The
electrocardiogram, phonoarteriogram, and the pressure from the blood
pressure cuff are fed into a specially designed electronic apparatus which
automatically displays the calibrated contour of the arterial pressure wave
on the phase of a storage oscilloscope. This is then photographed by Polaroid
camera. This electronic instrumentation has also been utilized for improved
recording of heart sounds, carotid sounds, thyroid bruits and a variety
of other cardiovascular signals.

Major Findings :

There has been some question regarding the thyroid status of patients
with cystinosis. Accordingly, the QKD measurements have been obtained in a

series of approximately 10 patients with this disease. In order to evaluate
these, normal ranges needed to be established in children of the same age
and/or of the same height, weight, and hence, physical dimension between the
heart and the location of the transducer. This has led to the collection of
data to evaluate the normal QKD interval in children and to study the rela-
tionship between height and QKD interval.

Significance :

Despite the proclivity of chemical tests (particularly radioimmunoassays)
for thyroid hormones, there is no generally available, reliable measure of
thyroid effects on the target tissues for routine clinical use. The present
study provides one such measure of thyroid effects on the end organ. In
addition, it is useful in monitoring of therapy for pheochroraocytoma , and
for beta adrenergic stimuli and blockers. This method is useful in evaluat-
ing the cardiotoxicity of Adriamycin and related cancer chemotherapeut ic

agents.

Proposed Course :

The use of this technique for monitoring thyroid status is now well
established, but it retains research interest in special cases. Accordingly,
this measurement is to be used selectively in special cases, where a reliable
measure of end-organ function is necessary, in addition to measurement of
plasma levels of thyroxine and tr i-iodothyranine,

Publicat ions :

None,
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Mathematical and statistical principles of polyacrylamide gel electrophoresis
,

SDS-polyacrylamide gel electrophoresis, isoelectric focusing ,
gel filtration

,

density gradient sedimentation , and related physical-chemical techniques have

been developed. This is to permit optimization of conditions for fractiona-^

tion of protein and polypeptide hormones, proteoglycans, hormone receptors a^'^J^

other macromolecules. Methods and computer programs have been developed to

permit improved statistical estimation of molecular weights derived from these

techniques. Further, general computer programs have been developed for analy-

sis of the concentration profiles which arise in electrophoresis, chromatog-

raphy, sedimentation and other physical-chemical techniques. These programs

should be extremely useful for measurement of diffusion coefficients, band-

width, and resolution. ^
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Objectives

:

Improvement of the performance of physical-chemical techniques used for

the analysis and purification of protein and polypeptide hormones.

Methods Employed :

Polyacrylamide gel electrophoresis, gel filtration, sucrose density

gradient sediment, sucrose density electrophoresis of cells and proteins,

isoelectric focusing. In particular, polyacrylamide gel electrophoresis

and isoelectric focusing is performed with continuous scanning of the

concentration profile with computation of relevant molecular parameters.

Major Findings :

Beta lactoglobulin B has been studied in detail using continuous

scanning polyacrylamide gel electrophoresis. This has permitted an evalua-

tion of the factors which control band width, and hence resolution under

routine conditions of gel electrophoresis. In particular, the effect of gel

concentration, protein load, ionic strength, current density, and duration of

electrophoresis have been studied. We find that the concentration profiles

are compatible with a single Gaussian peak. The square of the standard

deviation of peak width is linearly related with time over the major period

of interest. Thereafter the relationship becomes flatter, as would be ex-

pected, as the protein concentration within the zone decreases, and hence,

the effective diffusion coefficient decreases. The apparent diffusion co-

efficient is linearly related to protein load and to current density.

Accordingly this can be extrapolated back to load and current density to

obtain an idealized limiting value. Likewise, there is a linear relationship

between the logarithm of the apparent diffusion coefficient and gel concen-

tration. The slope of this relationship is identical with the slope of the

relationship between a logarithm of mobility and gel concentration. Accord-

ingly, the diffusion coefficient is directly proportional to mobility, as

was predicted for the ideal case. This indicates that the protein under study

is not subject to microheterogeneity , in which case the apparent diffusion

coefficient would be related to the square of the protein mobility.

We have also studied the factors affecting the band-width and hence

resolution in both continuous buffer systems and multiphasic buffer systems.

We have been able to establish under what conditions the use of multiphasic

buffer systems result in sharper initial band width and hence improved

resolution.

A new computer program has been developed for the automatic analysis

of concentration profiles which arise in electrophoresis, chromatography,

and sedimentation. Usually such profiles consist of one or several Gaussian

peaks, superimposed on a base line. Algorithms have been developed for auto-

matic, computerized peak detection. This is followed by characterization of

the peaks in terms of the mean location (centroid or center of gravity) area

and standard deviation. A nonlinear least-squares curve fitting program is
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utilized to describe the curves as the summation of several overlapping

Gaussian components. This program, written in the BASIC language and with
portions in the SAIL language, are presently available on the DEC-system 10

computer. However, these programs are readily adaptable to the larger desk-

top computers, and hence can be distributed widely to workers in endocrinology
and other fields which employ protein fractionation and analysis. In particu-
lar, this will result in improved methods for Jieasurement of the area under ^
the peak, which in turn is utilized for construction of Scatchard plots in a "I .'

variety of applications. This should improve our ability to detect factors

which result in a minor shift in the position of the peak, and in better
characterization of profiles wherein the peak of interest occurs as the

"shoulder" on adjacent peak.

Significance to Biomedical Research and the Program of the Institute :

The use of polyacrylamide gel electrophoresis, gel filtration, density
gradient sedimentation, has been extremely popular in the analysis and char-
acterization of protein and polypeptide hormones, the receptors for these

hormones, and likewise the receptors for steroid hormones. Indeed these

tools are indispensable. Accordingly, improved techniques for the calcula-
tion of the results, and the identification of the various factors describing
the peak (e.g., skewness, kurtosis or shape) will result in improved extrac-
tion of information from prior experiments and improved design of future

experiments. Further, these computer programs can save hours of technician

time and therefore contribute to the efficiency of operation of the programs fl

of the Institute. The identification of factors which affect band-width and

hence resolution in polyacrylamide gel electrophoresis and isoelectric focus-

ing is important in optimizing conditions for preparative PAGE. Further,

this makes it possible to measure or at least to estimate the free diffusion
coefficient for protein. In turn this permits estimation of molecular radius

and derived parameters such as the fractional coefficient and axial ratio.

Proposed Course ;

The project, involving both theoretical and experimental aspects, will

continue in an attempt to develop more useful methods for characterization
of protein and polypeptide hormones, and receptors for protein and steroid

hormones. The use of continuous scanning of electrophoresis columns to

permit estimation of the diffusion coefficient, molecular radius and micro-

heterogeneity of size and/or charge is to continue, together with the

corresponding theoretical studies necessary for the automated computerized
analysis of results. The results of these studies will be applied to prac- M^-^

tical problems in the fractionation and preparation of peptide hormones and ^L"

receptors for peptide hormones. A mathematical theory of isoelectric focus-

ing is under development.

Publications ;

Muniz , N. , Rodbard, D., and Chrambach, A.: Limitations and Protein

Identifications by Quantitative Gel Electrophoresis. Analytical |A

Biochemistry 83: 724-738, 1977.
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Chen, B., Rodbard, D., and Chrambach, A.: Polyacrylamide Gel Electro-
phoresis with Continuous Optacle Scanning: The Stack in Multiphasic
Buffer Systems. Analytical Biochemistry , 1978, in press.

Chen, B., Griffith, A., Catsimpoolas , N. , Chrambach, A., and Rodbard,
D.: Band-width Comparison Between Continuous and Multiphasic Zone
Electrophoresis. Analytical Biochemistry , in press.

Cole, B., Shapiro, M. B., and Rodbard D.: Chromatography and Electro-
phoresis Analysis System (CEPHAS). In Catsimpoolas, N. (Ed.): Electro-
phoresis. Elsevier-North Holland Publishing Company, New York, 1978, in
press.
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SUMMARY OF /JORK (200 words or less - underline ke/words)

The mathematical and statistical theories of radioimmunoassay have been under

progressive development, refinement, and testing. In the past year, attention

has focused on immunoradiometric assays , two-site immunoradiometric (labeled

antibody) assays (sandwich assays), enzyme-mediated immunoassay techniques

(EMIT), enzyme-linked immunosorbent assays (ELISA), and the labeled antibody

membrane assay (LAMA). The chemical and mathematical equations describing

these systems have been developed and used for computer simulation. Results

provide a theoretical basis for the observed "paradoxical high dose hook

effect" which occurs in many of these systems and suggests ways for improve-

ment of these assay systems. The mathematical theory of optimization of RIA

has been tested in practice and existing computer programs have been shown

to be valid and useful guides to the experimentalist. Several new statistical

methods for analysis of radioimmunoassay results have been developed. New W|
computer programs have been developed for quality control of RIA, both within

laboratories and for regional and world-wide collaborative studies.
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Objectives

:

Development of mathematical and statistical methods for evaluation of
results in radioimmunoassay (RIA) systems for optimization of radioligand
assays, and for statistical quality control of RIA laboratories.

Methods Employed:

Mathematical modeling, statistical analysis, computer simulation and
practical laboratory radioimmunoassays for a variety of hormones, including
hCG , estradiol and human growth hormone.

Major Findings :

EMIT: The reaction scheme for EMIT has been formulated, the correspond-
ing differential equations have been written, and these have been solved uti-
lizing numerical techniques, employing the MLAB program of the DEC-System 10
computer at the National Institutes of Health, DCRT. This permits analysis
of the individual factors which affect the assay, including the antibody con-
centration, labeled (enzyme tagged) antigen, incubation times, and the inter-
action of these factors. Further, we have studied the effect of order of
addition of the reagents, e.g., delayed addition of labeled antigen, delayed
addition of substrate, etc. Also the roles of the 4 incubation times which
describe the system have been studied in detail, both for systems in which
antibody binding to ligand labeled enzyme results in a decrease in the
Michaelis-Menten constant (Km), or in systems where the antibody-ligand-enzyme
complex results in a decrease in the Vmax of an enzyme system. Computer
programs have been developed to facilitate optimization either in terms of
sensitivity, or in terms of precision at any desired target dose level.

Methods for calculation of the sensitivity (minimal detectable dose) of
radioligand assays and related techniques have been developed and refined.
Programs have been developed for the routine analysis of radioligand assay
systems, involving simultaneous analysis of all of the dose response curves
in the system. This permits refined testing for identity of standard and
unknowns, not only in regard to slope, but also in regard to minimal and
maximal responses, corresponding to the lower and upper asymp topes of the
dose response curve. New programs have been developed for fitting the mass-
action law, in the case of heterogeneity of receptor, or when multiple ligands
combine simultaneously with multiple receptor sites. The statistical analyses
of these and similar programs have been improved to permit refined testing of
goodness of fit. Computer programs have also been adapted from the IBM 370
to the DEC-system 10, and in turn these programs have been simplified so that
they can operate, in some cases on a hand-held calculator such as the Texas
Instrument 59. In this manner, programs which once required relatively
sophisticated computing facilities are now available to laboratories in
developing countries throughout the world where such analyses were heretofore
impossible. This adaptation of software has been in collaboration with the
program for quality control in reproduction research sponsored by the World
Health Organization.
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New methods have been developed for testing of parallelism of standard

and unknown dose response curves, using a variety of rigorous statistical

techniques. Several of these techniques are also readily adaptable to small

desk-top or even hand-held calculators.

New programs have been developed for dose interpolation for radioimmuno-

assays. These involve use of splines, orthogonal polynomials, sums of hyper-

bolas, etc. We have developed methods for fitting of splines which are con-

strained to be parallel everywhere and monotonic. These programs are useful

not only for radioimmunoassay, but for a variety of other data analysis

applications as well. We have made further refinements in our programs for

optimization of conditions for radioimmunoassay, two-site immunoradiometric

assay, and enzyme labeled assays.

The characterization of the affinity of an antiserum is usually under-

taken in the context of 1, 2, or 3 discreet classes of sites. We are now

developing mathematical methods for characterization of these affinity

profiles, in the context of a continuous distribution of affinities. This

has required development of new computer programs, which should be generally

useful to immunologists as well as to routine practitioners of radioimmuno-

assay.

Significance to Biomedical Research and the Program of the Institute ;

This laboratory continues to be the major supplier of computer programs

for analysis of radioimmunoassay results to the entire country, and to most

of the world. In turn, dissemination of these programs results in "feedback"

which enables us to revise and extend these programs so that they remain

current and "state of the art." Further, numerous interesting applications

become available, not only in the context of radioimmunoassay, but also in

the context of radio receptor assay and receptor systems in general. Further,

these programs provide automation, considerable saving of professional and

technician time to members of the Reproduction Research Branch and National

Institute of Child Health and Human Development, and provide estimates of

the precision and reliability of the results of radioimmunoassays, radio

receptor assays and bioassays. As a result, experimental designs can be

optimized with considerable saving in cost of reagents and professional tine.

Further, by making apparent the results of subtle improvements in the assay,

these programs facilitate refinement of assays to stages which would otherwise

not be possible.

Publications : ^^

McDonagh, B. F., Munson, P. J., Rodbard, D.: A Computerized Approach to

Statistical Quality Control for Radioimmunoassay in the Clinical Chemis-

try Laboratory. Computer Programs in Biomedicine 7: 179-190, 1977.

Rodbard, D.: Principles of Radioimmunoassay in Proceedings of the

International School of Physics "Enrico Feirme," Course LXVI. In Baarli,

J. (Ed.): Health and Medical Physics . Elsevier/North-Holland Publishin'^^

Company, Amsterdam, 1977, pp. 204-219.
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Rodbard, D.: Matematica e Statistica Del Ria e Dei Dosaggi A Radio-

ligand!. In Fraioli, F., and Isadori, E. A. (Eds.): Sistemi A Radio-

ligandi in Endocrinologia . Societa Editrece Universe, Roma, 1977,

pp. 15-75.

Rodbard, D.: Statistical Estimation of Minimal Detectable Dose (Sensi-

tivity) for Radioligand Assays. Analytical Biochemistry , in press.

Rodbard, D., and Feldman, Y.: Kinetics of Two-Site Immunoradioraetric

("Sandwich") Assays: I. Mathematical Models for Simulation, Optimiza-

tion, and Curve Fitting. Immunochemistry 15: 71-76, 1978.

Rodbard, D., Feldman, Y., Jaffe, M. L., and Miles, L. E. M.: Kinetics

of Two-Site Immunoradioraetric ("Sandwich") Assays: II. Studies on the

Nature of the "High-Dose Hook Effect." Immunochemistry 15: 77-82, 1978.

Rodbard, D., and Tacey, R. L.: Radioimmunoassay Dose Interpolation

Based on the First-Order Mass-Action Law with Antibody Heterogeneity:

Exact Correction for Variable Mass of Labeled Ligand. Analytical

Biochemistry , in press.

Yanagishita, M., and Rodbard, D.: Computer Optimization of Radioimmuno-

assays for hCG and Estradiol: An Experimental Evaluation. Analytical

Biochemistry , 1978, in press.

Rodbard, D.: Mathematics and Statistics of Radioimmunoassay and Radio-

ligand Assays. In Syllabus, Seventh Training Course on Radioligand

Assay Techniques . The Endocrine Society, Bethesda, Maryland, 1978,

pp. 6-45.

Rodbard, D.: Discussion. In Proceedings on Radioimmunoassay and Related

Procedures in Medicine, 1977 . International Atomic Energy Agency, Vienna,

Austria, 1978, pp. 505-509.

Munson, P. J., and Rodbard, D.: An Elementary Component of Variance

Analysis for Multi-Center Quality Control. In Proceedings Symposium

on Radioimmunoassay and Related Procedures in Medicine, 1977 . Interna-

tional Atomic Energy Agency, Vienna, 1978, Volume 2, in press.

Rodbard, D.: Quality Control for RIA: Recommendations for a Minimal

Program. In Symposium on Radioimmunoassay and Related Procedures in

Medicine, 1977 . International Atomic Energy Agency, Vienna, 1978,

Volume 2, in press.

Rodbard, D. , and Munson, P. L.: Is There an Osmotic Threshhold for

Vasopressin Release? American Journal of Physiology: Endocrinology ,

Metabolism, and Gastrointestinal Physiology, E340-E342, 1978.
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Rodbard, D.: Data Processing for Radioimmunoassays: An Overview.
In Nat, S., Pesce, A. J., and Dietz, A. A. (Eds.): Clinical Immuno-
chemistry, Chemical and Cellular Bases and Applications in Disease .

American Association for Clinical Chemistry, Washington, D. C,
1978, Volume 3, in press.
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SUMMARY OF WORK (200 words or less - underline l<eywords)

Isolated rhesus monkey luteal cells offer a model system for the _in vitro

study of primate corpus luteum function and assessment of the direct influence
of various factors on the corpus luteum during its lifespan. Initial topics

of interest in this project have included 1) Morphological and functional
correlations between the intact corpus luteum and subsequent isolated luteal

cells, 2) Comparison of the _in vitro steroidogenic potential of luteal cells

obtained from corpora lutea at various stages of the mentsrual cycle and
pregnancy, and 3) evaluation of the influence of potential luteotropic and

luteolytic agents on in vitro steroidogenesis of macaque luteal cells. Current
research indicates that prostaglandins may be luteotropic in "young" corpora
lutea, but that the "aged" luteal body produces less progesterone in the
presence of prostaglandins. Further, progesterone production which is

stimulated by HCG is negated by prostaglandins when using cells obtained
from the late pregnancy, rejuvenated corpus luteum.
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The primary objective of this study is the utilization of an in vitro

system of isolated luteal cells from the rhesus monkey to evaluate directly

primate luteal function and the influence of potential luteotropic and

luteolytic agents on the corpus luteum at various periods during its life-

span, including the menstrual cycle and pregnancy.

Luteal cells were dispersed from the corpus luteum of cycling and preg- ^
nant rhesus monkeys ( Macaca mulatta ) by collagenase digestion, followed by

gentle mechanical disruption. Portions of the corpus luteum were also fixed

for electron microscopic analysis of luteal ultrastructure . Blood samples

were gathered from animals at luteectomy and serum progesterone concentra-

tion determined by radioimmunoassay. Dispersed luteal cells were incubated

for up to 12 hours in Ham's FIO nutrient medium containing 25 mM HEPES buffer

and graded doses of human chorionic gonadotropin (HCG) , estradiol-17 3 (E?) or

HCG and Ep combined, as well as prostaglandin F201. Progesterone production

by macaque luteal cells in vitro was determined by radioimmunoassay of incu-

bation medium sample.

The ability of luteal cells from cycling an pregnant rhesus monkeys to

produce progesterone J^ vitro was a function of the stage of the menstrual
cycle and gestation. Cells from mid-luteal phase of the menstrual cycle pro-
duced significantly greater amounts of progesterone under control conditions
than cells from late luteal phase. Mid-luteal phase cells also responded to

the luteotropic hormone, HCG, with enhanced P production; late-luteal phase
cells were less sensitive to HCG. Luteal cells from early pregnancy secreted
little progesterone in vitro and were unresponsive to HCG. However, as gesta-

tion continued, luteal cells progressively reacquired their steroidogenic
capability and at term exhibited basal and HCG-stimulated progesterone produc-

tion similar to cells from mid-luteal phase of the menstrual cycle. The
corpus luteum of lactating postpartum rhesus monkeys exhibited steroidogenic
function which was stimulated by exogenous gonadotropin. However, prolonged
exposure of the corpus luteum to high levels of exogenous gonadotropin appear-

ed to produce a state of refractoriness to additional gonadotropic stimule.

Estradiol, which causes functional regression of the ocrpus luteum of

primates J^ vivo, antagonized the steroidogenic effect of HCG in suspensions
of macaque luteal cells _in vitro . Higher Eo doses also inhibited basal pro-
gesterone production by luteal cells, and may be related to endogenous pro-
staglandins. Trial studies in monkey, are underway to determine if testo-
lactone, a potent inhibitor of the aromatase which converts androgens to

estrogens, can avert the normal demise of the corpus luteum in the menstrual
cycle. <

Publications :

Stouffer, R.L., Nixon, W.E., Hodgen, G.D.: Estrogen Inhibition of Basal
and Gonadotropin-Stimulated Progesterone Production by Rhesus Monkey Luteal
Cells in vitro . Endocrinology 101: 1157-1163, 1977.
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SUMMARY OF WORK (200 ^ords or less - underline ke/words)

Endocrine factors contributing to the regulation of folliculogenesis
(selection of the dominant follicle ) during the primate ovarian cycle were
examined in two non-human primate models , the rhesus monkey , and the cynomolgus
monkey . Circulating patterns of gonadotropins and ovarian steroids (

i
li i 1 i Jfc

and progesterone ) were monitored by radioimmunoassay before and af ter^f ollicl^^
cautery , luteectomy and hemiovariectomy during the menstrual cycle in monkeys.
In addition to examining follicle growth during the nonfertile menstrual cycle,
the resumption of_ follicle growth was studied during the puerper ium. Ovary-
conceptus interrelationships, as well as the cessation of follicle growth in
pregnancy were studied during the fertile menstrual cycle. Salient findings
include: 1) usefulness of the cynomolgus monkey as alternative non-human pri-
mate model , 2) asymmetrical function of the two ovaries during the menstrual ^b
cycle, 3) a dual stimulatory /inhibitory role for macaque chorionic gonadotropin

,!

4) evidence that the dominant follicle is selected during the first week of the
menstrual cycle, and 5) evidence that FSH secretion is regulated by an ovarian
factor(s) other than estradiol or progesterone.

^b'r i

?hS-6040



ZOl HD 00045-03 RR

and corpus Luteum function to one ovary has no disruptive effects on folli-
culogenesis. Thus, the corpus luteum, after spontaneous involution, has no

local, residual effects inimicable to new follicle growth.

5. Two potential determinants of the resumption if f olliculogenesis
post partum, the rejuvenated corpus luteum, and the tonic supply of gonado-
torpins, were examined in nonsuckling cynomolgus monkeys during the puer-
perium. Luteectomy at term did not advance the first ovulations post partum
as compared to a control intact group. In both groups during the puerperium,
circulating levels of gonadotropins were similar to levels observed during
pregravidic ovulatory cycles. Thus, some other factor (s) apart from the

puerperal corpus luteum, or the tonic supply of gonadotropins, contribute to

the regulation of folliculogenesis post partum.

B . Studies in rhesus monkeys

1. To examine the cessation of follicle growth at the onset of

pregnancy, luteectomy was performed on Day 16 to terminate pregnancy.
Unexpectedly, 3/6 (50%) of the monkeys remained pregnant even though pro-
gesterone levels were transiently reduced to very low levels. Non-luteal
ovarian tissue contributed little to pregnancy maintenance, since bilateral
ovariectomy on the same day (16) was likewise followed by pregnancy main-
tenance in 2/4 (59%) m.onkeys. In monkeys that did abort, the resumption
of follicle growth was delayed (> 22 days) after luteectomy during the
nonfertile cycle (12.5 days). Thus, during the fertile cycle, follicle
growth is inhibited by the conceptus by some factor apart from but along
with progesterone; and, second, the conceptus acquires sufficient endocrine
autonomy much earlier than heretofore estimated.

2. Luteetomy in chronically hemiovariectomized rhesus monkeys was
followed by a major increase in serum FSH, but the time-course of new
follicle growth was unaffected compared to monkeys bearing two ovaries; no

change in FSH levels occurred in monkeys with two ovaries, even though the

opposite ovary was wedge-resected at luteectomy. Thus, following luteectomy
(but not before) , the ovaries may work in concert to regulate gonadotropin
secretion, but the contralateral ovary (even after wedge-resection) makes the

preponderant contribution. An ovarian factor other than estradiol or proges-
terone made a major contribution to regulating the secretion of FSH after
luteecomy. In addition, folliculogenesis and the negative-feedback regulation
of gonadotropins by the ovary appear to be parallel, dissociable activities.

3. Wlien either ovary was removed 4 days after luteectomy the next LH

surge was delayed by 4 days relative to luteectomy alone. Thus the dominant
follicle is chosen after the onset of menses, but before Day 8 of the cycle.

Significance to Biomedical Research

The determination of the time of the selection of the dominant follicle

(to within a week) , and the elucidation of the asymmetrical activities of
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Obj ectives

To examine the regulation of follicle growth during the primate ovarian

cycle, its cessation during pregnancy, and its resumption post partum, using
non-human primate models. To demonstrate the usefulness of the cynomolgus
monkey as alternative non-human primate model (vis-a-vis the rhesus monkey) '^
for studies in reproductive physiology.

Methods

Circulating patterns of gonadotropins and ovarian steroids were determined
by radioimmunoassay before and after ablation of the cyclic structure
(dominant follicle, or corpus luteum) , or one ovary (hemiovariectomy)

, per-
formed at laparotomy.

Major Findings

A. Studies in cynomolgus monkeys

1. Circulating patterns of LH, FSH, estradiol, and progesterone were
determined in regularly cycling intact cynomolgus monkeys. These data and
other findings indicate that the cynomolgus monkey can serve effectively as

a non-human primate model at least as efficacious as the rhesus monkey. ^^

2. As in rhesus monkeys, the follicle destined to ovulate in a given
menstrual cycle is selected already by the mid follicular phase, and at the

expense of any other follicles of the original cohort. The time course of

new follicle growth after removal of the dominant follicle is unaffected by
the concurrent removal of one ovary. The next follicle destined to ovulate
was not selected until after the removal of the reigning dominant follicle.
In the presence of the dominant follicle, the contralateral ovary contributes
little, if at all, to the regulation of follicle growth, ovulation, corpus
luteum function, or gonadotropin (its ablation goes "unnoticed"). Unlike
bilateral ovulators, the occurence of a "compensatory" rise in gonadotropin
release after unilateral ovariectomy in this primate is conditional as the
ovary removed and the surety of the dominant follicle.

3. As in rhesus monkeys, follicle growth is arrested during the luteal
phase, and new follicle growth begins prematurely following luteectoray. The
time-course of new follicle growth culminating in ovulation is unaffected by ~^ ]

the concurrent removal of one ovary. The next follicle destined to ovulate ^m
is not selected until after the removal (demise) of the corpus luteum. In

the presence of the corpus luteum, the contralateral ovary contributes little,
if at all, to the regulation of gonadotropin secretion, follicle growth, or

corpus luteum function (i.e., its removal goes "unnoticed"). Unlike bilateral
ovulators, the monkey uses its ovaries in sequence, rather than in concert,
and a compensatory response to unilateral ovariectomy during the luteal phase
is conditional on the ovary removed, and the surety of the corpus luteum.
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the ovaries during the menstrual cycle will be of vital concern to clinicans
working to enhance (or suppress) fertility in women.

Proposed Course

Chorionic gonadotropin will be tested in nonpregnant monkeys to determine
if it contributes to the cessation of follicle growth during pregnancy.

Publications

Goodman, A.L., C.C. Descalzi, D.K. Johnson, and G.D. Hodgen, Composite
pattern of circulating LH, FSH, estradiol, and progesterone during the
menstrual cycle in cynomolgus monkeys, Proc Soc Exp Biol Med 155:479, 1977.

Goodman, A.L. and Hodgen, G.D., Post partum patterns of circulating LH,
FSH, prolactin, estradiol, and progesterone in nonsuckling cynomolgus monkeys.
Steroids 31:731, 1978.
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SUMMARY OF WORK (200 ^ords or less - Linderlir-,e keywords)

The research programs involve: (1) comparative studies on chemical,

immunological, and biological nature of human chorionic gonadotropin (hCG)

,

and of hCG-like substance in pituitary and urinary extracts, (2) production
and characterization of specific antibodies against synthetic peptides based _
on the unique amino acid sequence of 6-subunit of hCG and the development of t^
immunoassay methods for clinical and laboratory applications (3) examination
of biological role of hCG-antibody complexes with relation to fertility

regulation .
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To isolate, purify and characterize hCG-like 3ubstance(s) from
urine and pituitary of normal subjects and to demonstrate its biological
significances

.

To generate hCG-specific antisera based on chemical modification of
polypeptides analogous to the unique carboxyl-terminal sequence of hCGB
subunit with attempt to obtain high affinity and high titer antibodies
capable of specifically neutralizing hCG biological activity and adequate
for the development of immunoassay methods in monitoring the gonadotropin
action

.

Methods Employed

Solid phase peptide synthesis, amino acid analysis, chromatographic
techniques (i.e., gel, ion exchange, partition and bioaf f inity) , rat uterine
weight assay, immunization of rabbits and goats, radioimmunoassay, radio-
ligand receptor assay, high speed digital computer analysis, spectrophoto-
metry and spectrof luorometry

.

Major Findings

HCG-like substance in pituitary and urine of normal subjects:

A crude glycoprotein fraction and an acidic glycoprotein hormone
fraction both from extracts of human pituitaries, and urinary extracts of
some intra-uterine contraceptive device (lUD) users were found to contain
an hCG-like substance. Previously, hCG-like substance was found in a
partially purified glycoprotein hormone fraction of human pituitary as well
as the urinary extracts of postmenopausal women, eunuchs and a patient with
Klinefelter 's syndrome. All these findings were based collectively on the
following criteria: (1) immunoreactivities in specific radioimmunoassay
systems for hCG including one specific to the unique carboxyl-terminal
sequence in the hCGB subunit, (2) competition with hCG in a gonadal receptor
assay, and (3) co-elation with ^-^^I-hCG in Sephadex G-lOO gel chromato-
graphy.

Evidence suggestive of hCG-like subsstance as a biosynthetic procursor
of hLH in pituitary:

Examinations of crude urinary extracts from post-menopausal women
and of pituitary glycoprotein hormone fractions by Sephadex G-lOO gel
chromatography revealed two peaks which were immunoreactive in the anti-hCGS-
carboxyl-terminal peptide serum radioimmunoassay system (H-93) . Peak I co-
eluted with ^^'^1-hCG and exhibited the receptor activity in a testis homo-
genate assay. Peak II was eluted near the position of the total elution
volume and was biologically inactive. Incubation of a crude urinary extract
from a postmenopausal woman with and without a protease inhibitor, phenyl-
methylsulf onyl fluoride (PMSF) , followed by gel filtration on Sephadex G-lOO
showed that immunoactivity of peak II increased at the expense of peak I.

Furthermore, the peak I region split into two components detectable by the
receptor bioassay when PMSF was omitted. The total receptor activities in
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both conditions were unchanged. These results have demonstrated that a hCG-
like substance in this urinary extract can be cleaved by a proteolytic
enzyme into two components: a peptide antigenically resembling the carboxyl-
terminal peptide of hCG6 and a protein having physical and immunochemical
characteristics like hLH and exhibiting similar receptor activity. Further-
more, it was also found that a chimpanzee pituitary contained an enzyme
hydrolyzing hCG to release a peptide similar to that of peak II. i^

In consideration of chemical structures and biological functions of

hCG and hLH, the two hormones show striking similarites. In addition,
urinary extracts of persons with increased gonadotropin secretion, e.g.,
postmenopausal women, eunuchs, a patient with Klinefelter ' s syndrome, and
women bearing lUD contained relatively abundant hCG-like substance. All
these findings collectively permit one to suggest that such a molecule may
function as a biosynthetic precursor of luteinizing hormone. In light of

the ubiquitous nature of the hCG-like substance, particularly the highest
amount found in testis or ovary in addition to pituitary as reported by
other investigators, it may have unique hormonal function vital in repro-
ductive and developmental biology.

Production and characterization of antisera to synthetic peptides
analogous to the carboxyl-terminal peptide of the 3-subunit of hCG:

An extensive study on binding characteristics of an antiserum (H-114)
obtained from immunizing a rabbit against a chemically synthesized N - i

acetyl-triacontapeptide (residue 116-145 of hCG8) conjugated to bovine ^*
thyroglobulin was conducted in comparison with a well characterized anti-
serum (H-93) . The two antisera showed nearly identical immunological
specificities which included: (1) antibody recognition sites residing at

the carboxyl-terminal pentadecapeptide region; (2) binding neither ^^^I-hLH
or ^^^I-oLH; (3) lack of neutralizing capability against the biological
activity of hCG in vivo . However, H-114 antiserum exhibited higher affinity
toward the synthetic pentadeca or longer peptides as compared to that of

H-93. A similar antiserum using N acetyl-N'-dinitrophenyl-triacontapeptide
(residue 116-145) conjugated to bovine thyroglobulin was also obtained.

Several advantages in employing synthetic peptides as antigens in

generating highly specific antisera capable of distinguishing hCG from hLH

are comprehended by the present study, namely (1) they are more easily and

economically obtainable in large quantities than analogous purified natural
fragments, (2) risk of contamination from strongly antigenic regions of the

native molecules common to hLH does not exist; (3) modification, substitu-
tion and/or elongation along the amino acid sequence to increase anti-

genecity are explorable. <^

Fate of biologically active and inactive hCG-antibody comple:<es in

male rats:

Antibodies (AbO against the carboxyl-terminal peptide of hCGS
(residues 123-145) were purified by affinity chromatography using a syn-
thetic dodecapeptide (residues 134-145, hCGS) as ligand coupled to Sepharose
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4B. Incubation of either ^25j_^]^^ ^^ ^^^ presence of graded amounts of
hCG (0.1-1000 ng/tube) or the hCG: ^'^"-'l-Ahc with rat testis homgenates
failed to demonstrate binding to the receptor.

Previously, it was demonstrated that the hCG:Ab£ complex exhibited
full biological activity in the rat uterine weight assay. In order to ex-
plain this discrepancy, the fate of biologically active species, i.e. ^-^^I-
hCG and ^^Sj.j^qq^^j^^^ ^^^ inactive ones, i.e. ^'^^I-hCG :Abab (Abab = anti-
hCG serum) and ^'^^I-Ab£, were studied by injecting them individually into
mature male rats and examined the amount of radioactivities presented in
various organs. In testis, the most significant amount of radioactivities
was found in those of ^-^1-hCG and to a lesser extent those of ^^5l-hCG;Ab£
treated animals. In contrast, no radioactivity above the level of back-
ground was measured in those of biologically inactive ^ ^^1-hCG: Abab and

I-Ab£ groups. In liver, the levels of radioactivity were found to de-
crease in the following order: ^^ ^j.^^Q.^^bg^^ 125];_^^b^^ ^^S^-.-^Cq.^I^^ ^^^

I-hCG. The reverse order was observed in kidney. In spleen, no
significant difference was detectable among all groups.

These results of hCG:Ab£ behaving in between hCG and hCG:Abab or
Ab£ reflect that its in_ vivo biological activity actually derived ?rom hCG
dissociated from the complex during circulation, and not from the complex
per se. The lower association constant of hCG:Ab£ (2 x IO^m"^) which is
100 times lower than that of hCG-Abab supports this conclusion.

Significance to Biomedical Research

(1) More evidence is presented to show the existence of hCG-like sub-
stance in pituitary and in urine of normal subjects. The possibility that
such a molecule functions as a biosynthetic precursor of hLH provides the
fundamental knowledge in reproductive and developmental biology. Because
of its existence in tissues other than trophoblast, important questions can
be raised as to the safety and value of fertility regulation by immunizing
women with the total molecule or fragments of the B-subunit of hCG.

(2) The advantages of using synthetic polypeptides as antigens to
produce specific antisera capable of distinguishing hCG from hLH are
demonstrated. Information generated from these studies shall contribute to
the understanding in the design of an effective and useful antigen not only
for the development of immunoassay systems applicable to monitor hCG in
tissues and biological fluids but also for vaccination of women to achieve
fertility control as well as possible management of neoplasia which produce
hCG.

(3) Some parameters and experimental methods important to access hCG
neutralizing antibodies are presented.

Proposed Course

(1) To continue effort in isolation and purification of hCG-like
substance from urine and pituitary of normal subjects with emphasis on
devising an iramunoaf f inity method operative under mild conditions.

(2) To attempt human pituitary cell culture in search of hCG-like
substance and its relationship to the biosynthesis of hLH.

(3) To produce, purify and characterize antibodies to hCG based on
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recognition at the unique carboxyl-terminal region of Che hCG3 subunit.

(4) To prepare biologically active enzyme - or probe-linked hCG and
immunologically active hCG-specific antibody conjugates to be applied in

probing the fate and function of hCG.

(5) To purify chimpanzee chorionic gonadotropin for structural
characterization in comparison with hCG.

Publications

Nixon, W.E., Chen, H.C. and Hodgen, G.D.: Antigenic Similarities to

hCG Subunits among Chorionic Gonadotropins of Nonhuman Primates. J . Med

.

Primat . 6:195-202, 1977.

Matsuura, S., Chen, H.C. and Hodgen, G.D.: Antibodies to the Carboxyl-
terminal Fragment of Human Chorionic Gonadotropin 3 subunit: Characteriza-
tion of Antibody Recognition Sites using Synthetic Peptide Analogues.
Biochemistry 17; 575-580, 1978.

Chen, H.C, Matsuura, S., Hodgen, G.D. and Ross, G.T.: A Human
Chorionic Gonadotropin-Like Substance Distinct from Luteinizing Hormone.
In Spilman, C.H. and Wilks, J.W. (Eds.): Novel Aspects of Reproductive
Physiology , New York and London, Spectrum Publications, Inc., 1978, pp.
289-308.

Hodgen, G.D,, Chen, H.C, Dufau, M.L. Klein, T.A. and Mishell, D.R.:
Transitory HCG-Like Activity in the Urine of Some lUD users. J. Clin.
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The broad goal of this project is to understand the steps involved in the

hormonal control of steroidogenesis . This includes the metabolic events that
follow stimulation of trophic hormone receptors in the Leydig cells , luteal
cell and adrenal fasciculata cells by gonadotropins and ACTH . Studies were
focused on the interaction of hormones with their receptor and on analysis
of coupling mechanism between receptor occupancy and androgen

,
progesterone

or corticosterone synthesis . The two major questions examined are (1) the

relationship of receptor occupancy to cyclic AMP and protein kinase acti-
vation during acute dose related increases in steroid production and trophic
actions of gonadotropin; (2) the sequence of events which lead to stimu-
lation of enzymes of the steroidogenic cells. This program has relevance
to reproductive endocrinology and for the understanding of the mechanism
of action of peptide hormones upon target cells.
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Objectives .

To define the mechanisms of action of luteinizing hormone and ACTH

upon steroidogenesis and growth in gonadal (Leydig and luteal cells) and

adrenal fasciculata cells.

Methods Employed . f{

Purification of Leydig cell by Metrizamide density gradients. Charac-

terization of LH receptor by binding analysis in cell membranes and intact

Leydig and luteal cells. Measurements of extracellular, intracellular cAMP

,

and cyclic GMP and of endogenous cAMP bound to cAMP receptor protein (or

regulatory subunit of protein kinase) by radioimmunoassay. Binding studies

of [ HcAMP] and [ HcGMP] to cAMP and cGMP receptor protein: assay of binding

capacity, affinity, and kinetic studies. Protein kinase assay. Gel filtration,

sucrose gradient centrifugation, ion exchange chromatography, DEAE cellulose

and polyacrylamide gel electrophoresis for characterization of protein kinase

holoenzyme and regulatory subunits. Thin-layer chromatography on alumina and

silica gel for characterization of steroids. Binding studies of I-cholera

toxin to purified Leydig cells. Culture of Leydig cell tumors. Electron micro-

scopy and light autoradiography.

Major Findings .

1. Evidence for an intermediate role of cyclic AMP and protein kinase durin

gonadotropic action and ACTH on steroidogenesis in luteal cells and on adrenal

fasciculata cells.

The apparent dissociation between cyclic AMP and testosterone synthesis

during LH action has been recently resolved by detailed analysis of cyclic AMP

levels in hormone-stimulated Leydig cells with measurement of cyclic AMP bound

to the regulatory subunit of protein kinase. By this approach significant cor-

relations between steroidogenesis and endogenous cyclic AMP levels were ob-

served during LH action on testosterone synthesis.

A similar dissociation between steroidogenesis and cyclic Ai-IP and forma-

tion in the luteal cells, was analyzed by detailed studies of cyclic AMP pools

during hormone action. The progesterone dose-response curve was coincident

with the progressive elevations of bound, intracellular and extracellular cy-

clic AMP throughout the range of the dose related increase in steroidogenesis

(0-20 pM hCG). In contrast with findings in the Leydig cells, where a 25%

increase in receptor occupancy produced the maximal steroid response in the ^P
luteal cell, 75% of cyclic AMP receptors were occupied for maximal proges-

terone production. Measurement of the simultaneous decrease in free receptor

sites by ( H)cyclic AMP binding studies was prec].uded bv rapid dissociation

of cyclic AMP from its receptor (k^ = 1.15 x 10~" min ~ _at 6'')_and the re-

latively slow association rate constant (k^ = 8.8 x IO-'M min ). The re-

ceptor affinity constant (Ka) calculated from equilibrium binding studies

was 1.7 x 10 M"'^. Incubation of luteal cells with the phosphodiesterase inhi^
bitor MIX (0.2 mM) decreased the EDr^ for the hormone stimulation by 50% "
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and in kinetic studies reduced the delay in progesterone production. The
actions of MIX on cyclic AMP formation were largely confined to the extra-
cellular nucleotide, and did not produce changes in intracellular and re-
ceptor bound cyclic AMP that would account for the increased sensitivity
of the progesterone response to gonadotropin in the presence of phospho-
diesterase inhibitor. These observations have provided direct evidence for
the role of cyclic AMP during hormonal activation in presence or absence
of phosphodiesterase inhibitor.

Studies were commenced on the relationships between corticosterone syn-
thesis and formation of cyclic AMP and cyclic GMP, since a dissociation be-
tween steroid and cyclic nucleotide production has also been observed in
adrenal cells, and recently, cyclic GMP has been implicated in ACTH action.
Preliminary studies have indicated that receptor-bound cyclic AMP is in-
creased during dose-related responses in corticosterone production to ACTH,
while cyclic GMP increases were only observed in the extracellular compart-
ment, and were probably not related to the hormonal event.

2. Functional compartmentalization of hormone-activated cyclic AMP response,

The role of cyclic AMP in the steroidogenic response to physiological
concentrations of gonadotropin has been further analyzed by comparative stud-
ies on the actions of hCG and choleragen upon the acute metabolic responses
of purified Leydig cells. This comparison was performed to gain insight into
the selective ability of low concentrations of gonadotropin to produce maxi-
mum steroidogenic responses, while activating only a minute change in cyclic
AMP production and to evaluate the role of functional compartmentalization.

The dose-response curve for- stimulation of intracellular and extracel-
lular cyclic AMP by choleragen was biphasic, with the initial response over
the concentration range of 10~ to 10" M choleragen. Equilibrium binding
studies showed_two sets of choleragen sites with affinity constants of
10 M and 10 M . During stimulation by choleragen occupancy of protein
kinase receptor sites by cAMP paralleled the initial rise of intracellular
cAMP and showed saturation of cAMP receptor sites at 10~ M choleragen. The
subsequent secondary rise in cyclic AMP of intracellular and extracellular
cAMP production at higher choleragen concentrations caused no further in-
crease in cyclic AMP to intracellular receptor sites. The higher-affinity
choleragen site was responsible for stimulation of cAMP-dependent metabolic
responses in the Leydig cells and for mediating the gonadotropin-like effects
of choleragen. Low concentrations of choleragen were found to increase
production and receptor binding of cAMP without a corresponding effect upon
testosterone production. This discrepancy, and the higher sensitivity of
steroidogenesis to hCG (EDr„ 10~12wn , ^ , ^r-r. ,^-in ^s V 5q iu i^vj-, ^^^^ ^g choleragen (ED^q 10 ^^M) in the
presence of equivalent changes in cAMP production are consistent with intra-
cellular compartmentalization of cyclic AMP and of protein kinase on hor-
monal pathway for activation of steroidogenesis.
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3. Cyclic 3', 5' adenosine monophosphate-dependent protein kinase of rat

testicular Leydig cells. Further characterization of holoenzytnes and

their regulatory subunits.

The rat Leydig cell contains two forms of cyclic AMP-dependent protein
kinase with sedimentation values of 6.2S and Stokes radius of 47.7 a (70%)

and a 4S species of Stokes radius 37.9 R (30%). The molecular weights of (M

the two holoenzymes were 116,000 and 59,000, respectively. The correspon-
ding regulatory subunits were identified as 4S molecules with radius of

42.1 % and 3S of radius 30.1 8. with estimated molecular weights of 35,500
and 66,300 respectively. The 2. 98 catalytic subunit had a Stokes radius
of 29 A and an estimated molecular weight of 33,000. Both holoenzymes
have characteristics of "Type I" protein kinase despite the elution of the

4S form of DEAE cellulose by 220 mM NaCl. The 4S species is derived from

the 6.2S holoenzyme and does not appear to be formed by proteolytic degrada-
tion. It could represent the R-C form while the 6.2S enzyme would be the

R2-C2 species.

Recently, studies were initiated to characterize the Leydig cell pro-

tein kinase and cyclic AMP receptors by gel electrophoresis and to evaluate
the occupancy of regulatory subunits after dissociation of holoenzymes by

endogenous cAMP formed during activation with trophic hormone. Optimal re-
solution of holoenzymes and regulatory subunits were attained by polyacryl-
amide gel in 10 and 7.5% gels respectively. This separation technique has ^
been proved useful to study the available and occupied cyclic AMP receptors ^
from the regulatory subunits of protein kinase holoenzymes during hormone
action.

4. Stimulation of steroidogenic enzymes (cholesterol-side cleavage enzyme,

cholesterol esterase and 3-beta hydroxysteroid dehydrogenase isomerase).

The role of trophic hormones in the maintenance of steroid enzymes has

been investigated. During desensitization of Leydig cells by trophic hor-
mone (see Project No. ZOl HD 00151-02) that caused a loss of 70% or more re-

ceptors, there was a substantial block of the 17-20 desmolase and 17-hydroxy-
lase, as indicated by the reduction of testosterone, androstenedione and

dehydroepiandrosterone formation and accumulation of early precursors such as

17-alpha-hydroxylated steroids and of pregnenolone and progesterone. This
indicated that the microsomal enzymes were the most vulnerable to either the

the loss of receptor and lack of trophic input, or to a direct influence of

the androgen and/or estrogen produced by the initial trophic hormone stimu-
latory event that provoked down regulation of receptors. Only with a more ^
drastic reduction of receptors (>93%) were 3-beta-ol-hydroxy-s teroid dehydro-
genase delta isomerase and cholesterol side-chain cleavage enzyme affected.
During culture of normal Leydig cells, a similar phenomenon was observed.
In this case, receptors were quickly lost after 1 or 2 days of culture
and the enzymatic activities affected initially were as in the case of de-
sensitization, 17-20 desmolase and 17-hydroxylase activity being lost first,
with accumulation of early precursors.
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Significance .

The hormonal control of Leydig cell function and androgen production
is an essential component of male sexual development and reproductive capa-
city. In addition to its significance to the Endocrinology and Reproduction
Research program, this project has the potential to provide knowledge of the
general actions of peptide and protein hormones upon target cells in tissues
other than the gonads.

Proposed Course .

1. (a) The role of protein kinase in gonadotropin action will be further
analyzed by measurement of endogenous protein kinase activity and sub-
strate phosphorylation in dispersed Leydig cells during LH stimulation in
vitro .

(b) Differential activation of the protein kinase holoenzymes during
hormone stimulation with physiological concentrations of gonadotropins.

(c) Continue investigation on the functional compartmentalization of
cyclic AMP responses in the Leydig cell. Localization of cyclic AMP bound
to receptor protein at different levels of hCG or choleragen stimulation by
immunofluorescence microscopy of cyclic AMP in intact Leydig cells,

(d) Role of cyclic nucleotides as mediator of trophic hormone action in
the adrenal.

2. Activation of cholesterol side-chain cleavage and cholesterol esterase
by LH in purified Leydig cells.

3. The role of co-factors during LH stimulation in the Leydig cell.

Publications .

Dufau, M. L., Tsuruhara, T., Horner, A. K. , Podesta, E. J., and
Catt, K. J.: Intermediate role of adenosine 3',5'-cyclic monophosphate
and protein kinase during gonadotropin-induced steroidogenesis in testi-
cular interstitial cells. Proc. Natl. Acad. Sci. (U.S.A.) 74: 3419-
3423, 1977.

Dufau, M. L., Horner, A. K. , Hayashi, K. , Tsuruhara, T., Conn, P. M.,
and Catt, K. J.: Actions of choleragen and gonadotropin in isolated
Leydig cells: Functional compartmentalization of the hormone-activated
cyclic AMP response. J. Biol. Chem. 253: 3721-3729, 1978.

Podesta, E. J., Dufau, M. L. and Catt, K. J.: Cyclic adenosine 3',5'-
monophosphate dependent protein kinase of rat Leydig cells: Physical
characteristics of two holoenzymes and their subunits. Biochemistry
17: 1566-1573, 1978.
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Cigorraga, S., Dufau, M. L., and Catt, K. J.: Regulation of luteiniz-
ing hormone receptors and steroidogenesis in gonadotropin desensi-
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SUMMARY OF WORK (200 words or less - underline keywords)
'

This project continues to analyze the developmental characteristics
of gonadotropin receptors during fetal life and sexual maturation .

Collaborative studies on fetal rabbit testis were extended by analy-
sis of gonads maintained in organ culture through the critical
period of male sexual development . The acute cyclic AMP and testosterone
responses of normal gonads during this period were also determined. This
work has provided evidence that androgen formation by the fetal testis
during male sexual differentiation is probably independent of extrinsic
hormone stimulation.
During sexual maturation, the changes in LH and FSH receptors in the testis
were marked, and consistent with a role for FSH in the control of sexual
maturation in the male rat.
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Major Findings .

Gonads from sexually undifferentiated 16- and 17-day rabbit embryos were
maintained in organ culture in a serum-free medium for 24-96 h. The intersti-
tial cells of fetal testes developed from undifferentiated to well differenti-
ated Leydig cells after 4 days of culture. The enzymatic reactions necessary
to convert [7 alpha--^H]dehydroepiandrosterone to androstenedione and testos-fP
terone also developed in culture at the expected time (corresponding to day 18

in vivo ) in the absence of gonadotropins.

Increased cAMP synthesis in response to human (h)CG first became apparent
at day 17.5 and reached a maximum at day 20. The increased cAMP response was
accompanied by an increase in LH/hCG receptor content and the appearance of

3 beta-hydroxysteroid dehydrogenase-delta^ > 5-isomerase activity. Testosterone
synthesis, however, was not stimulated by hCG until day 20. Fetal ovaries were
unresponsive to hCG at all times studied.

The correspondence between the development of LH/hCG receptors, cAMP re-
sponsiveness, and the appearance of the enzymatic capacity to synthesize testos-
terone from Co]^ precursors suggests that the development of these functions is

closely linked during Leydig cell maturation. However, the delay of 2 or more
days in coupling between LH/hCG receptors and the ability to increase testos-
terone synthesis in response to added hCG suggests that the initiation of
androgen synthesis at the time of male phenotypic differentiation in the rabl|a
embryo is independent of extragonadal hormone stimulation.

The relationships between plasma gonadotropins, testicular gonadotropin
receptors, and plasma testosterone were examined during neonatal life and
throughout sexual maturation in the rat. The binding affinity of testicular
LH receptors (2.4 x 10^0 M-1) was significantly higher than that of FSH recep-
tors (2.1 x 10^ M~l) at all stages of development. The concentration of FSH
receptors in the testis reached a peak between 10-15 days of age, then fell to
a constant level from 25-90 days. However, the testis content of FSH receptors
increased continually with age and reached a plateau at day 60. Plasma FSH
declined after birth to a nidir at 15 days, then rose rapidly to a peak at

day 38, and fell to a plateau from day 50 through adult life.

In contrast to the rapidly changing profile of plasma FSH during early
maturation, alterations in plasma LH were less marked throughout development.
Although a progressive rise in plasma LH concentration was observed between
days 36-51, the simultaneous changes in testicular LH receptors and plasma ^
testosterone were much more prominent. Testicular LH receptors showed a con-^
tinuous increase in concentration and total number with advancing age and
testis growth. The major rise in LH receptor concentration occurred between
15-38 days of age, at the same time as the rise in plasma FSH concentration
and the phase of rapid testicular growth. Plasma testosterone fell during
the 8th-24th days after birth, then rose rapidly between days 35-55. The
pubertal rise in plasma testosterone occurred about 15 days after testicular
LH receptors began to increase and was coincident with the continuing rise a
in LH receptor content from day 35 until day 55 and with the progressive "
increase in plasma LH during this period,
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These observations have demonstrated that the early development of
testicular FSH receptors is followed by a prominent rise in plasma FSH,
with concomitant increases in testicular growth and LH receptor concen-
tration. The resulting increase in gonadal sensitivity to LH could be re-
sponsible for the marked increase in secretion of testosterone which occurs
during puberty in the presence of a relatively small change in the circulat-
ing LH concentration. The sequence of changes observed in gonadotropins and
their testicular receptors is consistent with the view that FSH-induced tes-
ticular sensitivity to LH is an important factor in sexual maturation in the
male rat.

Significance .

The characterization of gonadotropin receptors and androgen regulation
during fetal life and in immature animals will assist in clarification of
mechanisms controlling male phenotypic sexual development, and those con-
trolling gonadal function during sexual maturation.

Proposed Course .

The role of extragonadal hormones in the development and regulation of
fetal Leydig cells will be studied by assay of gonadotropins in the fetal
and maternal circulation, during and after testicular differentiation. The
regulation of phosphodiesterase activities in the Leydig cell will also be
examined, to determine the role of pituitary hormones in regulating this
enzyme and the consequent turnover of cyclic AMP in hormone-stimulated Leydig
cells. The LH and prolactin receptors of the Leydig cell will be analyzed on
a per-cell basis during sexual maturation in the rat.

Publications

.

George, F. W. , Catt, K. J., Neaves, W. B., and Wilson, J. D.: Studies
on the Regulation of Testosterone Synthesis in the Fetal Rabbit Testis.
Endocrinology 102: 665-673, 1978.

Ketelslegers, J.-M., Hetzel, W. D. , Sherins, R. J., and Catt, K. J.:
Developmental Changes in Testicular Gonadotropin Receptors: Plasma
Gonadotropins and Plasma Testosterone in the Rat. Endocrinology 103:
212-222, 1978.

'~

661



SMITHSONIAN SCIi.'iCt I IIFORWAT I ON EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND ,JELFAR£
PUBLIC HEALTH SERVICE

NOTICE Of
INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00149-03 RR

PERIOD COVERED

October 1, 1977 - September 30, 1978
TITLE OF PROJECT (80 characters or less)

Bioassay of Serum Luteinizing Hormone (LH) and Chorionic Gonadotropin

I

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

pj M. L. Dufau
K. J. Catt

Other A. R. Solano

Senior Investigator
Chief, ERRB

Visiting Fellow

ERRB, NICHD
ERRB, NICHD

ERRB, XICHD

COOPERATING UNITS (if any)

Dept. Gb/Gyn, Harvard Medical School, Cambridge, Mass.

LAB/ BRANCH
Endocrinology and Reproduction Research Branch

SECTION

Office of the Chief
INSTITUTE AND LOCATION

NICHD. NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

1.5

PROFESSIONAL:

0.5

OTHER:

CHECK APPROPRIATE B0X(E3)

E (a) HUMAN SUBJECTS

a (al) MINORS I: (a2) INTERVIEvJS

(b) HUMAN TISSUES (c) NEITHER

SUMMAR Y OF WORK (200 words or less - underline keywords)

Long range studies on the in vitro bioactivity of luteinizing hormone and
chorionic gonadotropin in man and other species were continued. The recently
developed ^ vitro bioassay for the measurement of LH and hCG in serum has
been more extensively applied to studies on gonadotropin regulation in man ^f
and other species .

662

PHS-6040



ZOl HD 00149-03 RR

Objectives

:

1. Application of the optimized in vitro bioassay for serum LH (RICT) to
measurement of LH in human serum in physiological conditions and pathological
states, and during stimulation with luteinizing hormone releasing hormone.

2. Comparative studies with radioimmunoassay, and analysis of bio:immuno
(B:I) ratio in normal subjects and pathological conditions.

3. Measurement of biologically active LH in newborn babies from birth to
one to two months of age; comparative studies with radioimmunoassay for the
intact LH molecule and specific hCG beta-subunit radioimmunoassay.

4. Measurements of bioactive LH in children (boys and girls) of selected
age groups through puberty.

5. Development and optimization of in vitro bioassay for serum LH in the
rhesus monkey, and application of the bioassay to physiological states and
during stimulation with LHRH. Comparative studies with heterologous radio-
immunoassay .

6. Development and optimization of the in vitro bioassay for LH in rat pi-
tuitary and serum.

7. Physical fractionation of plasma and pituitary extracts from human and
animal species with subsequent analysis of biological active species by RICT
assays.

8. Development of new assays to assess biological activity of gonadotropic
hormones .

Methods Employed :

1 . _In vitro bioassay for serum gonadotropin based on testosterone production
by collagenase-dispersed rat interstitial cells (RICT assay).

2. Radioimmunoassays for human LH and heterologous radioimmunoassay for
monkey gonadotropin. Radioimmunoassay for rat LH and for rLH subunits.

Major Findings :

1. Biologically active LH levels in serum of normal male subjects during
constant infusion of LHRH.

Following the subcutaneous administration of LHRH to women, the serum
levels as measured by i_n vitro bioassay and immunoassay showed increases in
the B/I ratio during midcycle and the luteal phase of the menstrual cycle.
In men and menopausal women, the B/I ratios were higher and displayed only
consistent elevations in response to LHRH stimulation. This finding sugges-
ted that circulating LH molecules exhibited relatively higher biological
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activity during states of increased biosynthesis and release of LH. Since

the previous studies employed relatively large doses of LHRH, which could

have evoked gonadotropin release from both pools of pituitary LH, it was of

interest to analyze the B/I ratios of LH released during constant infusion

of LHRH. In response to constant infusion of a submaximal dose of LHRH

(0.2 yg/min for 4 hours), luteinizing hormone (LH) was released in a biphasiq
pattern in 6 normal men. When the _in vitro biologic activity of plasma LH ^P
was compared to the immunologic activity throughout the response to LHRH,

the B/I ratio remained unchanged (3.6 + 0.5, mean + SE) . Thus, in men the

biological activity of stored LH (acutely releasable) is not different from

the presumably newly synthesized hormone that is released as the second pool

during prolonged LHRH infusion.

2. The effects of gonadal steroid therapy upon the biologic to immunologic

ratio of LH in hypergonadotrophic subjects.

The effect of acute and chronic gonadal steroid therapy upon the ratio

of biologically active LH as measured by the rat interstitial cell testo-

sterone assay (RICT) to immunological active LH (B/I ratio) was studied in

patients with long stand hypergonadotropic hypogonadism. Patients with gona-

dal disgenesis had B/I ratios of 2.9 + 1.01. One patient given diethylstil-
bestrol (1 mg) for 12 days had a B/I ratio of 2.2 + 0.59 based on 5 estimates,

whereas patients treated with non-suppressive cyclic estrogen and progeste-

rone therapy for at least one year had B/I ratios of 3.75 + 1.34. ^j

Untreated castrate men had B/I ratios of 5.21 + 2.11 whereas during

testosterone therapy the B/l ratio was 4,55 + 2.48. It thus appears that the

B/I ratio is not substantially altered by acute or chronic steroid therapy

in long-standing hypergonadotropic individuals.

3. Development and optimization of the in vitro bioassay for LH in rat pi-

tuitary and serum.

Since adult rat serum LH levels are very low when determined by radio-

immunoassay, and in most cases at the limit of detection, it was necessary

to develop techniques for concentration of rat serum to improve precision of

the radioimmunoactive measurements of rLH. This was accomplished by adsorp-
tion of the rat gonadotropin by sepharose-Con A, a procedure we introduced

in 1972.

The bioactive levels of serum from adult rat rLH were non-detectable by ^[
the standard RICT assay. Efforts were concentrated on the improvement of the^^
sensitivity of RICT assay to measure the very low rLH levels. By reducing
the assay volume and increasing the number of cells in the incubation vial a

10-fold increase in the sensitivity of the assay was achieved. The optimiza-
tion of both bio- and immunoassay had permitted the measurement of absolute
levels and B/I ratios with good precision. This technological advance will

be also beneficial for the measurement of bioactive LH levels in children
and in adults during suppression therapy (estrogens or androgens). ^T

664



ZOl HD 00149-03 RR

Significance to Biomedical Research :

The application of the RICT assay to the measurement of LH in human
serum during LHRH stimulation has provided information about the qualita-
tive and quantitative changes in the LH molecule at different stages of the
menstrual cycle. Also, the application of the RICT assay to the measure-
ment of LH in monkey serum has provided the scientific community with a con-
venient method for the measurement of this hormone in serum.

The RICT assay can be applied to different laboratories all over the
world, and is expected to give similar results when identical standards are
employed. This is an improvement over certain aspects of RIA which are sub-
ject to the individual characteristics of each antibody, employed for assay.

The high sensitivity of the RICT assay will permit measurement of the
levels of LH in serum from birth to puberty with good precision. This will
also offer advantages over the RIA, which at these early times frequently
measures levels just slightly above the lower limit of the sensitivity of the
assay.

Proposed Course :

1. Further investigations to gain insight into the nature of the B:I ratio
differences observed between the different groups of subjects will include:
(a) examination of different LH pools released from the pituitary during
stimulation studies, (b) physical characterization of serum LH of the dif-
ferent groups of subjects.

2. Evaluation of LH values from birth through puberty.

3. Studies on the measurement of bioactive LH in serum of rhesus monkey
during LHRH stimulation.

4. The development and refinement of the in vitro bioassay for rat serum LH
will be continued, and studies on the biosynthesis of LH in the pituitary will
be initiated.

Publications :

Beitins, I. Z., Dufau, M. L. , O'Laughlin, K. , Catt, K. J. and
McArthur, J. W.: Analysis of biological and immunological activities in
the two pools of LH-released during constant infusion of luteinizing hor-
mone-releasing (LHRH) in men. J. Clin. Endocrinol. Metab. 45: 605-607,
1977.
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Objectives

.

(1) Solubilization of LH/hCG and FSH receptors from gonadal target cells;

(2) Binding analysis of the solubilized preparations, comparative studies

with particulate receptors; (3) Characterization of gonadotropin receptors;

(4) Large-scale purification of LH/hCG receptors for structural analysis

and antibody formation; (5) Characterization of particulate testicular and

ovarian adenylate cyclase; (6) Solubilization of cyclase from testicular

and ovarian membranes; and (7) Relationship between receptor site and adeny-

late cyclase enzyme complex, and (8) Transfer of LH receptors from gonadal

tissue to adrenal fasciculata cells.

Methodology .

Assay of particulate and soluble receptors by ligand-binding and centri-

fugation, millipore filtration and polyethylene glycol precipitation; adeny-

late cyclase assay; cyclic AMP radioimmunoassay; sucrose density gradient

centrifugation; gel filtration and affinity chromatography; SDS gel electro-

phoresis.

Major Findings.

1. Extraction and initial characterization of FSH receptors.

Extraction and fractionation of FSH receptors has been rendered difficult

by the relatively low binding of labeled FSH by particulate and soluble FSH

preparations. Solubilization of testicular FSH receptors was most efficiently

performed by detergent extraction of testis homogenates from immature rats

with Triton X-100. The detection and analysis of soluble FSH binding sites

was found to require the use of optimal tracer preparations of I-FSH. The

most suitable tracer was prepared by enzymatic radioiodination followed by

purification on Sepharose Con A and enrichment by affinity chromatography on

testicular receptor sites. The association constant (Ka) of the detergent-

solubilized FSH receptors was somewhat higher (8.5 x 10 M~ ) than that of the

particulate receptors (1.6 x 10 M"^. This finding was in contrast to the

fall in binding affinity observed during solubilization of testicular LH re-

ceptors. In addition to the FSH receptors solubilized by determent treat-

ment, spontaneous water-soluble sites with high affinity for I-FSH (Ka

1.17 x 10 M~) were demonstrated in immature testis homogenates. These re-

ceptors were not retained by filtration through 0.45 um membrane were not

associated with lipid material in the high speed supernatant fraction (in

contrast to the spontaneous soluble ovarian receptor) and represented about

20% of the FSH receptors in the testis.

The detergent-extracted FSH receptors could not be analyzed by gel fil-

tration in free form, but were readily observed as the hormone-receptor com-

plex. The Ka of the soluble receptor complex was 0.30 (Sepharose 6B) cor-

responding to a Stokes radius of 30 S.. Partial dissociation of labeled hor-

mone from the FSH receptor complex was always observed during fractionation.

This is in contrast with the tight binding observed during analytical stu-
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dies of the testicular and ovarian LH receptors. Further analysis of spon-
taneous soluble receptors could be complicated by their relatively low
association constant and small concentration in the testis. The detergent
soluble receptors appeared more amenable to further characterization.

2. Characterization of a lipid-associated gonadotropin receptor from the
luteinized rat ovary. ^k

Gonadotropin receptors which bind luteinizing hormone or hCG in the
ovaries of immature female rats showed a 30-fold increase after treatment
of animals with pregnant mare serum gonadotropin (PMSG) and hCG. This marked
induction of LH/hCG receptors in the rat ovary was not accompanied by a

change in binding affinity for labeled hCG. Such luteinized ovaries have
been found consistently to contain a small proportion of soluble receptor
sites, which comprised about 5% of the total receptor population. The solu-
ble receptor sites were present in the floating lipid fraction of the

360,000 X g supernatant of homogenate prepared from luteinized ovaries, and
could not be detected in similar fractions prepared from interstitial cells
or homogenates of the normal rat testis.

The physico-chemical properties of the spontaneously soluble ovarian re-
ceptors were similar to those derived for detergent-solubilized receptors
prepared by extraction of particulate ovarian binding fractions with Triton
X-100. The affinity constant of the soluble ovarian receptor sites for ^~(|^
hCG was 0.70 x lO-'-'^M" , and that of receptors solubilized bv Triton X-100 ^

10-1
was 0.72 x 10 M . The sedimentation pattern of the soluble receptors during
sucrose density gradient centrifugation showed extensive aggregation into
rapidly sedimenting forms. However, centrif ugation of the cytosol receptor
in the presence of Triton X-100 gave a single 6.5 S component, corresponding
to the solubilized receptors previously characterized in detergent extracts
of the rat ovary and testis.

The presence of a spontaneously soluble LH/hCG receptor in ovarian
cytosol fractions suggests that rapid synthesis and assembly of receptors in

ovaries of PMSG-hCG treated rats is accompanied by increased production of

cytoplasmic receptor precursors; alternatively, this receptor population may
represent a fraction that has been internalized or processed as during recep-
tor turnover in the cell membrane

.

3. Properties of solubilized gonadal receptors and adenylate cyclase.

Analysis of Lubrol-solubilized LH receptors and adenylate cyclase from IP
testis and ovary revealed that receptors and adenylate cyclase were coinci-
dent on gel filtration. Further studies had demonstrated that LH/hCG recep-
tors from Leydig cells was totally separated from adenylate cyclase during
lectin affinity chromatography in Concanavalin A. The receptors were ad-
sorbed to the column and could be subsequently eluted by the competing sugar,
while the adenylate cyclase did not bind to Con A and was eluted by the salt
buffer with the majority of the protein of the preparation. The ovarian de- ^-
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tergent-solubilized receptors had two components. The majority of receptors
bound to Con A and eluted with alpha-methyl mannoside. Another minor component
that did not bind to the column was eluted initially together with the adenylate
cyclase activity and the protein of the preparation. Both binding components
had identical binding affinities of 1.0 x 10 M"^ . Further fractionation of
the ovarian solubilized preparation on ion exchange chromatography also re-
solved two peaks of LH/hCG binding activity, but showed a single peak of adeny-
late cyclase activity that did not coincide with either of the receptor activ-
ity peaks of the preparation. The spontaneous soluble lipid-associated recep-
tor did not adsorb to the lectin-gel, and was devoid of adenylate cyclase
activity. The above findings indicated that receptor sites and adenylate
cyclase were not physically associated within the cell membrane.

For further analysis of receptor-adenylate cyclase, studies are in
progress on the transfer of lipid-associated soluble ovarian receptors to
adrenal fasciculata cells. Initial studies have shown moderate incorporation
of LH/hCG receptors to host cells.

Proposed Course

Purification of LH receptors and adenylate cyclase from gonadal cell mem-
branes will be pursued, to permit further characterization of the purified
receptors and their functional relationship to adenylate cyclase.

Significance

The characterization of LH receptors and their relationships to adenylate
cyclase will assist in understanding the basic biochemical mechanisms which
control the reproductive functions of the testis and ovary. Also, further
understanding of the receptor-cyclase interaction will be of general value in
understanding the mechanisms of action of protein hormones.

Publications

Dufau, M. L., Ryan, D., and Catt, K. J.: Soluble FSH receptors from the
rat testis. FEES Letters 81: 359-362, 1977.

Conti, M., Dufau, M. L., and Catt, K. J.: Characterization of a lipid
associated gonadotropin receptor from the luteinized rat ovary. Biochim.
et Biophys. Acta 541: 35-44, 1978.
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The regulation of LH/hCG receptor s in testis and ovary has been analyzed

with particular reference to the "control of receptor concentration by changes

in the homologous hormone . Both LH and hCG were found to cause marked

decreases in receptors of testis and ovary, with consequent desensitizatio

of adenylate cyclase and steroidogenic responses to gonadotropic hormones .

These studies have indicated that hormone -receptor interaction leads to

receptor loss, by a mechanism that appears to involve turnover or pro-

cessing of the hormone-receptor complex . These processes were investigated

in Leydig cells and ovarian luteal cells to determine the effects of hor-

mone-induced receptor regulation on the responsiveness of the endocrine

target cells.
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Objectives

.

To analyze the regulation of receptor biosynthesis, expression and turn-
over in gonadal target cells.

Methods Employed.

Receptor concentration and affinity were measured by binding studies
with ~ I-labeled LH and hCG, with analysis of binding data by computer
derivation from saturation curves and Scatchard plots. Luteinized ovaries
were induced in immature female rats by treatment with PMSG and hCG. Iso-
lated luteal and Leydig cells were prepared from ovary and testis, by colla-
genase dispersion and purification by density gradient centrifugation. Recep-
tor binding was measured in tissue homogenates and whole cells, adenylate
cyclase was measured in particulate ovarian fractions, and cyclic AMP and
steroid production were determined in dispersed luteal and Leydig cells
by radioimmunoassay.

Major Findings.

1. Regulation of testicular LH receptors by exogenous gonadotropins.

Hormone-induced regulation of LH receptors was further analyzed in puri-
fied Leydig cells from the rat testis. Receptor loss was dose-related after
hCG treatment, and accompanied by altered responses of Leydig cells to hor-
mone stimulation J^ vitro . Small doses of hCG caused enhanced responses to

subsequent J^ vitro stimulation with hCG, dibutyryl cyclic AMP and choleragen.
Large doses caused marked decreases in testosterone responses to these sti-
muli indicating the presence of a steroidogenic lesion beyond the initial
receptor-cyclase desensitization caused by gonadotropin treatment. The major
lesion in steroidogenesis was beyond the formation of pregnenolone, and was
most marked at the 17-20 desmolase step for conversion of progesterone to

androgen. Thus, desensitization by a trophic hormone leads in the testis
to a loss of distal hormone-dependent biosynthetic functions, as well as the
proximate lesion in receptors and cyclic AMP production.

2. Regulation of gonadotropin receptors in ovarian luteal cells.

Similar regulation of LH receptors by hCG were shown in the luteinized
rat ovary, and again the receptor lesion was accompanied by a defect in the

steroidogenic pathway, with impairment of progesterone formation. In the
ovary, LH receptor occupancy caused an early loss of adenylate cyclase re-
sponsiveness to gonadotropin, and transient loss of responses to fluoride.
This was further analyzed in regard to the action of beta-adrenergic stimuli
in the ovary, which appear to act via the same cyclase pool stimulated by
LH. In ovary, as in the testis, receptor loss was a major factor in the

prolonged desensitization of adenylate cyclase and cyclic AMP production by
elevated gonadotropin concentrations. During recovery of desensitized lu-
teal cells, a shift in the dose-response curve to hCG was evident, with re-
duced sensitivity to hCG during cell incubations. This was consistent
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with the need for a maximum complement of LH receptors in the luteal cell

to provide maximum sensitivity to hormone stimulation.

3. The processing of hormone-receptor complexes.

The fate of occupied receptors was investigated in the luteinized rat

ovary by autoradiographic and cell fractionation techniques. Much of the ^
loss of receptors induced by gonadotropin treatment was attributable to endo-

cytosis of the occupied receptors, and subsequent metabolism of the interna-

lized complexes. This raises the possibility that certain hormone effects

could be mediated by the internalization of hormone-receptor complexes,

and demonstrates the importance of the process in the regulation and turn-

over of receptor sites.

4. Regulation of testicular gonadotropin receptors by LHRH.

The marked loss of LH receptors induced by exogenous gonadotropin is

also evident after elevation of endogenous LH by treatment with LHRH. The

loss of LH receptors was dose-related after treatment with the natural LHRH

sequence, reaching maximum about 2 days after the peak in endogenous LH.

Major loss of receptors for FSH and prolactin was also observed, as in other

reports on effects of potent LHRH agonists. The process of receptor regula-

tion by LHRH is more complex than that induced by gonadotropins, and leads

to marked impairment of testis function instead of the stimulation anti- A
cipated after treatment with the releasing hormone.

Significance

:

These findings extend knowledge of the regulation of receptor con-

tent and receptor-mediated processes in peptide hormone target tissues.

The results are of general application to protein hormone receptors, and

of particular relevance to the control of gonadal cell function and repro-

ductive activity. In addition to the general significance of the mechanism
of hormone receptor activation and receptor degradation, the approach also

provides a tool for manipulating the receptor content of target cells. Anal-

ysis of the consequences of changing receptor levels on specific target cell

responses to hormonal stimulation has shown marked impairment of steroido-

genesis, as well as desensitization at the receptor-cyclase level. The

induction of similar changes by LHRH indicates the need for further studies

on this process, and for care in the clinical use of LHRH.

A
Proposed Course: ^

The nature of the secondary lesion in steroidogenesis induced by recep-

tor loss will be further analyzed in both testis and ovarian cells from

desensitized gonads. Attempts will be made to find how endocytosis of hor-

mone-receptor complexes relates to the processes of cell activation that

are dependent upon peptide hormone stimulation. The basis for the multiple
receptor loss caused by LHRH will be investigated and related to the regres-A
sion in testis function caused by LHRH derivatives.
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Publications;

Conn, P, M. , Conti, M. , Harwood, J. P., Dufau, M. L., and Catt, K. J.:

InternalisaCion of gonadotrophin-receptor complex in ovarian luteal
cells. Nature , 1978, in press.

Conti, M. , Harwood, J. P., Dufau, M. L. , and Catt, K. J.: Regulation
of luteinizing hormone receptors and adenylate cyclase activity by

gonadotropin in the rat ovary. Mol . Pharmacol. 13: 1024-1032, 1977.

Conti, M. , Harwood, J. P., Dufau, M. L. , and Catt, K. J.: Effect of

gonadotropin-induced receptor regulation on biological responses of

isolated rat luteal cells. J. Biol. Chem. 252(24): 8869-8874, 1977.

Dufau, M. L., Hsueh, A. J., Cigorraga, S., Baukal, A. J., and
Catt, K. J.: Inhibition of Leydig cell function through hormonal re-
gulatory mechanisms. Int . J. Androl

.

, Suppl. 2: 193-239, 1978.

Tsuruhara, T., Dufau, M. L., Cigorraga, S., and Catt, K. J.: Hormonal
regulation of testicular luteinizing hormone receptors: Effects on

cyclic AMP and testosterone responses in isolated Leydig cells,
j". Biol. Chem. 252(24) : 9002-9009, 1977.
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tics, are applied to studies on the properties of gonadotropin receptors.

Natives and modified gonadotropins are evaluated for receptor binding

activity, for comparison with in vivo and in vitro biological activities,

Particular applications have included the characterization of animal
gonadotropins (such as rat LH) that sometimes show discrepant values

of bioactivity and immunoactivity , and an analysis of the

FSH-like activity of human chorionic gonadotropin.
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Objectives .

To characterize the binding properties of particulate gonadotropin

receptors in gonadal homogenates and membrane preparations. Also, to de-

velop improved radioligand-receptor assays for LH/hCG and FSH, to apply

such methods to the assay of gonadotropin activity in_ vitro and structure-

function studies in chemically modified gonadotropins, and to analyze the

species specificity of gonadotropin receptors.

Methods Employed .

Quantitative binding studies with labeled gonadotropins. Radioligand-

receptor assays of gonadotropins. Affinity chromatography upon receptor

sites. Computer analysis and curve-fitting of receptor binding data. _In

vitro bioassay of LH in dispersed Leydig cells.

Major Findings .

1. Characterization of the FSH receptors in rat testis was completed,

and the method for radioligand assay of FSH was applied to animal and human

FSH preparations, and to PMSG. The potencies of highly purified PMSG (Dr. H,

Papkoff) in the FSH receptor assay was equivalent to that of highly purified

human FSH, consistent with the marked follitropin activity of PMSG.

2. Studies on rat LH receptors were continued with labeled LH in hCG.

Attempts to analyze receptors with the homologous hormone were complicated

by the low binding activity of labeled rat LH. The rat hormone appears to

rapidly lose bioactivity during storage, and is very susceptible to damage

during radioiodination.

3. The human LH receptor was studied in testis fractions and found to

show high specificity for the human gonadotropins, and does not bind LH of

other species. Similar results were found for rhesus monkey testis, indi-

cating that the primate testis has a marked species specificity, in a manner

analogous to that of the human GH receptor.

Significance

.

Radioligand-receptor assays continue to be of considerable value for

hormone assay, and for structure-function studies on hormone molecules and

receptor sites. The specificity of the primate LH receptor is relevant to

the poor responsiveness of the human gonads to gonadotropins from lower

animals

.

Proposed Course.

Studies on the temperature-dependence and thermodynamic properties of

hormone-receptor interactions will be pursued. Also, radioligand-receptor
assays will be compared with in vitro bioassay during analysis of the
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biological activities of native and nodified gonadotropins, and the basis
for the species specificity of the primate LH receptor will be investigated,

Publications .

Ketelslegers, J.-M., and Catt, K. J.: Follitropin Receptors in Rat
Testis - Characterization with Enzymatically '--^I-Labeled Human
Follitropin. Biochim. et Biophys. Acta 541: 360-371, 1978.
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Objectives: ^

This project was started in 1976 in an attempt to begin to understand
some of the fundamental processes of pubertal development. The two immediate
goals are the study of adrenarche and hypothalamic-pituitary maturation.

Methods Employed:

Current investigations are confined to the adrenarchal process.
Methods consist of steroid radioimmunoassay and steroid radioreceptor assay.

Progress:

1) The chimpanzee has been shown to have an adrenarche similar to

that of man.

Significance:

A model system has been identified for the study of the adrenarchal
process.

Course:

Three lines of work are being pursued:

1) The investigation of the role of the hypothalamic-pituitary system
"

in the induction of adrenarche in the chimpanzee. This study employs human
pituitary extract as the test substance and is being done in collaboration
with the Primate research facility at Holloman Air Force Base, Alamagordo,
New Mexico.

2) The identification of the enzyme changes that occur in the adrenal
gland during adrenarche. Assays for 17-hydroxyalse, 17-20 desmolase, 21-
hydroxylase, and 3S-hydroxysteroid dehydrogenase-A 4-5 isomerase are being
characterized with rabbit adrenal microsomes and will subsequently be applied
to chimpanzee and human adrenal specimens.

3) The investigation of the role of the human pituitary in the mainte-
nance of adrenal androgen secretion in man. This study is being performed
in collaboration with the neurosurgery division of Walter Reed Army
Hospital

.

Publications: ^

Cutler, G.B., Jr., Pita, J.C, Rifka, S.M., Menard, R.H. and Loriaux,
D.L.: SC25152: A potent mineralocorticoid antagonist with reduced
affinity for the 5a-dihydrotestosterone receptor of human and rat
prostate. J.C.E.M. 47 (J) : 171-175 , 1978.

Rifka, S.M., Cutler, G.^., Jr., Sauer, M.A. and Loriaux, D.L.: Rat -

adrenal androgen receptor: a possible mediator of androgen induced %
decrease in rat adrenal weight. Endocrinology , in press.
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Cutler, G.B., Jr., Glenn, M. , Bush, M. , Hodgen, G.D., Graham, C.H.,
and Loriaux, D.L.: Adrenarche: a survey of rodents, domestic animals,
and primates. Endocrinology , in press.
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Objectives:

Abnormal sexual phenotypic expression presumably relates to an abnormal
androgen/estrogen balance at some point in development. This disordered
relationship can be the result of an abnormality in at least three loci: 1)

sex steroid production, metabolism and clearance; 2) sex steroid plasma
binding and 3) end organ receptor abnormalities. The objective of this
study is to clarify, at each of these three levels, the pathophysiology of
two common secondary sex phenotypic disorders; gynecomastia and hirsutism.

Methods Employed:

Methods primarily include steroid radioimmunoassay and steroid radio-
receptor assay.

Progress:

1) Gynecomastia: (Drug induced)

a. Cymetidine has been shown to be an antiandrogen.
b. Crude marijuana extract has been shown to interact with the

estrogen receptor. This activity is in condensed marijuana smoke, and is not
A -Tetrahydrocannabinol.

c. An analogue of spironolactone, SC 25152, has been identified
with much reduced antiandrogenic potency per unit antimineralocorticoid
potency. This was predicted from relative receptor binding affinities.

2) Hirsutism:

A. An assay for the measurement of androgen receptor number in
cultured human fibroblasts has been developed.

3) Other:

A) The glucocorticoid receptor has been quantified and character-
ized in human and goat mononuclear cells and polymorphonuclear leukocytes.
Two distinct forms of binding have been identified suggesting a basal and
activated form of the receptor. A method for characterizing the glucocorti-
coid receptor in the leukocytes from 20 ml human peripheral blood has been
developed. Goats have been studied during periods of hypercortisolism,
hyperthyroidism, and hypothyroidism. No changes in receptor number or char-
acter were identified.

B) 11-deoxycortisol , Cpd S, has long been known to be an antigluco-
corticoid in vitro . It has previously however, not been possible to show
antiglucocorticoid activity in vivo with Cpd S. We have found that this is

due to the 11-hydroxylation of compound S in vivo . As expected, then, the
drug has been shown to be active as an antiglucocorticoid in adrenalectomized
rats.
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Significance: ^
1. Gynecomastia - All drugs known to cause gynecomastia have been

found to interact with either the androgen or estrogen cytosol receptor.
Drug-receptor interaction may be useful in predicting side effects and
screening for drugs with particular properties.

2. Hirsutism - A method is available that will allow a partial evalua-^
tion of end-organ responsiveness to androgen in affected patients.

3. Other -

A - Glucocorticoid receptors can be measured in circulating white
cells, making the screening for glucocorticoid receptor defects an easy
process

.

B - An antiglucocorticoid has been shown to be active ±n vivo . This
opens the way for the identification of more potent analogues to be used in

physiologic and clinical studies.

Proposed Course

Gynecomastia:

1) An attempt will be made to identify the active factor in crude mari-^
,

juana extract (by active factor is meant the fraction responsible for dis- ^
placing estradiol from its receptor)

.

2) A study will be made of the free and bound fraction of Testosterone
and estradiol in aged and pubertal stage matched boys with and without
pubertal gynecomastia.

3) The fibroblast receptor number will be measured in skin biopsies
from the areolae of normal and gynecomastic men.

Hirsutism:

A study will be done correlating the severity of hirsutism, plasma free

androgen levels, and skin fibroblast androgen receptor number.

Other:

An attempt will be made to identify a potent glucocorticoid antagonist lak

for use in physiologic studies.

Publications:

Cutler, G.B., Jr., Pita, J.C., Rifka, S.M., Menard, R.H. and Loriaux,
D.L. : SC 25152: A potent mineralocorticoid antagonist with reduced
affinity for the 5a-dihydrotestosterone receptor of human and rat ^^
prostate. J. Clin. Endocrinol. Metab . 47 (1) : 171-175 , 1978. ^§i
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Cutler, G.B., Jr., Sauer, M.A. , and Loriaux, D.L.: SC25152: Receptor
screening identifies a more specific mineralocorticoid antagonist.
Science , in press.

Winters, S.J., Banks, J.L., and Loriaux, D.L.: The H-2 antagonist
cimetidine is an antiandrogen in the rat. Gastroenterology , in press.
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Project Description :

I. Non-catalytic steroid-binding proteins.

A. Rationale: The rate-limiting step in steroid synthesis is consid-
ered to be the conversion of cholesterol to pregnenolone (i.e., the choles-
terol lyase reaction). This reaction occurs at an intramitochondrial site

(possibly associated with the outer membrane). Cholesterol, which is an ab-

solute requirement for steroid synthesis, is a ubiquitous sterol, being
found in membranes and stored esterified to fatty acids in cytoplasmic lipid
droplets; it can also be made available through de novo synthesis and extrac-
tion from the circulation. The exact location and pool size of cholesterol
utilized in steroid synthesis are not known. It is presumed, however, that

the principal source of cholesterol is extramitochondr ial . If this is true,

then there must be a mechanism for transporting cholesterol into the mito-
chondrion where the cholesterol lyase is located. The molecular events
involved in this transport are not known. Similarly, pregnenolone, the pro-

duct of the rate-limiting step must move to specific extramitochondr ial

sites for further enzymatic alterations leading to the formation of Cortisol,
aldosterone, or one of the sex steroids. The molecular events involved in

this transport are also not known. It is conceivable that specific proteins
acting as transport vehicles are involved.

B. Major Findings: Using standard techniques of subcellular fraction-
action and methods of protein separation, five specific proteins have been
identified to date.

1. Cholesterol/cholesterol sulf ate-binding protein No. 1. This is a

heat stable protein which has been partially characterized. The initial

characterization studies are currently in press in the Journal of Steroid
Biochemistry , 1978.

2. Cholesterol/cholesterol sul fate-binding protein No. 2. This is a

heat sensitive protein whose initial characterization is currently being
completed.

3. 20 a-hydroxycholesterol-binding protein. The studies here are

still very preliminary and have not progressed very far as yet.

4. Pregnenolone-binding protein. This is a heat labile protein
whose initial characterization has been published in the Journal of

Biological Chemistry 252: 464-470, 1977.

5. Pregnenolone sul fate-binding protein. This is a heat labile pro-

tein (clearly distinct from the pregnenolone-binding protein) whose initial

characterization is currently in press in Biochemistry.

C. Significance: The physiological importance of these findings

remains to be determined. From a theoretical point of view, however, they
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are quite interesting. It is well recognized that labile and stable pro-
tein factors play a role in control and regulation of steroid synthesis but
to date, no specific proteins have been described. Our studies represent
the first such undertaking of this kind. Much needs to be done yet, but
given the fact that heat-labile and heat activated proteins which bind
specifically cholesterol and cholesterol sulfate, substrates for the side- ^
chain cleavage enzyme system, and heat-labile proteins which bind specifi-
cally pregnenolone and pregnenolone sulfate, products of the side-chain
cleavage enzyme system, and the fact that the cleavage enzyme system
(cholesterol lyase) is considered the rate-limiting step in steroid syn-
thesis, these findings cannot be overlooked and are of potential importance.
In addition, there may be other noncatalytic proteins involved in other
steroid enzyme systems of the adrenal cortex which when absent could be
pathologically related to certain well-recognized enzyme deficiency di-
seases of the adrenal cortex, viz, congenital adrenal hyperplasia.

D. Current and Future Plans: (1) To continue characterizing the
proteins identified to date. (2) To continue our search for other non-
catalytic proteins. (3) To embark upon purification of these proteins
using a variety of techniques, including affinity chromatography. (4) To
use highly purified preparations to a) examine intrinsic enzymatic activity,
and b) to prepare antibodies for immunological studies. (5) To reconsti-
tute the cholesterol lyase system and other steroid mixed function oxidase ^
systems. (6) To examine the subcellular localization of these proteins w
by tagging experiments. (7) To examine regulation of their synthesis and
metabolism.

II. Microtubules,

A. Rationale: Enzyme systems involved in steroid biosynthesis are
compartmentalized (mitochondrial, microsomal, soluble) but nothing is known
about the molecular mechanisms of transfer of steroids from compartment to

compartment nor is anything known about the molecular mechanisms involved
in steroid secretion. It has been proposed that microtubules or micro-
filaments may function in this capacity and thus studies have been under-
taken to examine this possibility.

B. Major Findings: (1) Our initial efforts were to establish methods
for qualitative analysis. A study has been completed comparing colchicane-
binding activity (tubulin) in the adrenal cortex of dog, monkey, pig,
guinea pig, and cow and brain of the pig and guinea pig. In addition, Mk
electron microscopic studies of adrenocortical microtubules have been made.
A portion of these studies have been published in Biochimica et Biophys ica
Acta 495: 119, 1977. (2) There is some inconsistency in the literature
concerning the effect of antimicrotubular drugs on adrenal steroidogenesis.
One report indicated that these drugs stimulated steroidogenesis in a

mouse tumor cell line, while another report found no such stimulation using
normal rat adrenocortical cells in culture. We also examined this question
using isolated adrenocortical cells obtained from normal adult male rats. ^
We found that a variety of antimicrotubular drugs will stimulate steroid
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synthesis in a dose-dependent fashion with the maximal response being equi-

to that obtained with either ACTH or cAMP . The mechanism of this response

remains to be elucidated. These results are currently in press in Endo-

crinology, 1978. (3) A study was recently completed comparing bovine

brain and adrenal cortex (neural versus non-neural) microtubules puri-

fied through three-four cycles of assembly/disassembly. The comparison

included (a) colchicine binding activity, (b) tyrosylation using a speci-

fic tubulin-tyrosine ligase (which adds a tyrosine residue to the C-

terminal glutamate or glutamine of the '^ chain) in conjunction with carboxy-

peptidase A (which recovers the tyrosine), (c) examination of so-called

microtubule associated proteins on SDS-PAGE , (d) percent protein and amino

acid analysis using the autoanalyzer . These studies are in preparation

for publication.

C. Significance: The role of microtubules in a variety of cell func-

tions (e.g., mitosis, motility, cell shape, etc.) has been well-delineated.

The microtubule organelle is found in all cells, although its highest con-

centration appears to be in neural tissue. How this ubiquitous organelle

which plays a role in multiple cell activities is involved in such a highly

specialized function as steroidogenesis is simply not known. This remains

an interesting question in cell biology.

D. Future Plans: Elucidation of the microtubular and microf ilamenta-

tion systems of the adrenal cortex in regulation of steroidogenesis currently

suffers from a total lack of careful morphological correlative studies.

Our plans call for the establishment of stable, homogeneous population of

adrenocortical cells in tissue culture. With such a culture system, we

plan to perform a variety of morphological studies utilizing transmission

electromicroscopy , scanning electromicroscopy , and imraunof luorescent or

ferritin tagging techniques.

III. Steroid Secretory Proteins. These studies have not been initiated as

yet but they are based on the theoretical consideration that steroids are

released from specific cellular proteins during the secretory process.
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Studies of the administration of testosterone and estradiol to normal men at
physiological dosage demonstrate that estradiol , which is produced primarily
by peripheral conversion of testosterone , accounts for the majority of the
suppressive effects of testosterone on LH and FSH secretion. Blockade of ^
estradiol action, by use of the antiestrogen, clomiphene, completely reverses

W

the suppressive effects of testosterone on plasma gonadotropin concentrations.
In addition, administration of testolactone , a drug which blocks the peripheral
conversion of testosterone to estradiol , increases both LH and FSH serum levels
significantly. These data emphasize the important role of peripheral aromati-
zation of testosterone in its physiological interaction in the hypothalamus
and pituitary. It is now evident that in men with profound testicular failure
or who are functionally castrate that although gonadotropin concentrations ara^
suppressable following testosterone administration that they are unresponsive"
to suppression by pure androgens but retain response to estrogenic component
of testosterone by its peripheral conversion.
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Cbj ectives

.

A considerable body of data exists which suggests that androgens regulate
pituitary LH secretion in men by negative feedback inhibition. Estradiol,
however, also significantly suppresses LH secretion. Since estradiol is pro-
duced primarily from testosterone by aromatization in peripheral tissue, any
study of the role of testosterone per se on gonadotropin secretion measures
the effect of both testosterone and estradiol. Accordingly, a series of

studies have been developed to assess the relative contributions of testoste-
rone and estradiol to the regulation of FSH and LH concentratxons in normal
men.

Methods Employed.

Testosterone and estradiol were administered to normal men at physiologi-
cal dosage by constant intravenous infusion in order to mimic endogenous tes-
ticular sex steroid secretion. Multiple blood samples are obtained at 20
minute intervals during S hrs before and after 4 days of infusion to assess
the suppressive effects of sex steroids on the mean concentration and pulsa-
tile release of both gonadotropins. Additionally, an anti-estrogen, clomi-
phene, and an inhibitor of peripheral aromatization, teslac, were administered
to normal men prior to sex steroid infusion in order to observe whether tes-
tosterone would continue to exert its suppressive effect on gonadotropin
levels

.

Major Findings.

Testosterone, administered at mean production rate (7 mg/day) suppressed
LH and FSH equally (30%) suggesting that there is no differential effect of
this androgen on either gonadotropin. Infusion of estradiol at mean produc-
tion rate (45 yg/day) produced similar suppression of FSH levels but slightly
lesser decreases in LH (22%), demonstrating that the bulk of LH suppression
by testosterone can be accounted for by its estradiol equivalent. Administra-
tion of dihydrotestosterone , a potent androgenic metabolite of testosterone
which cannot be peripherally aromatized to estrogen, was also effective in
suppressing LH and FSH suggesting that there is a pure androgenic component to
LH suppression as well. Thus, there appears to be an important role for both
testosterone and estradiol in the feedback regulation of LH and FSH.

Clomiphene blockade, during seven weeks, completely blocked the suppres-
sive effects of both estradiol (90 yg/day) and testosterone (15 mg/day) which
were infused at twice their normal production rates) further emphasizing the
importance of aromatization of testosterone in regulation of gonadotropin
secretion.

Teslac, a potent inhibitor of the conversion of testosterone to estradiol,
significantly elevated both LH and FSH serum concentrations when serum estra-
diol levels were reduced, but testosterone levels were maintained.
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FSH and LH levels in men with functional castration or profound Leydig

cell failure have been shown to be unresponsive to administration of pure
androgen which cannot be aromatized to estrogen, but retain a suppressive re-
sponse to testosterone and estradiol. The data suggest that testosterone
suppresses gonadotropin concentration in these patients primarily by its
peripheral conversion to estradiol. The data support the concept that tes-
tosterone acts both as a pure androgen and as an estrogen under physiologic
conditions. ^
Significance.

These data add considerable insight into the mechanism of control of
gonadotropin secretion in men and suggest that this regulation is far more
complex than originally conceived. These studies are in keeping with the
primary mission of the branch in reproductive biology and emphasize the im-
portance of the availability of human subjects provided by the Clinical
Center.

Proposed Course.

1) Set up animal models to study the anatomical site of action of tes-
tosterone and estradiol feedback inhibition of gonadotropin secretion.

Publications.

Marynick, S.P., Loriaux, D.L., Sherins, R.J., Pita, J.C. and Lipsett, ^
M.B.: Evidence that testosterone acts as both an androgen and an
estrogen in suppressing pituitary gonadotropin secretion in men.
J. Clin. Endocrinol. Metab. , in press.

Winters, S.J., Janick, J.J., Loriaux, D.L. and Sherins, R.J.: Studies
on the role of sex steroids in the feedback control of gonadotropin
concentration in men, II: Use of the Estrogen antagonist ciomiphene
citrate. J. Clin. Endocrinol. Metab. , in press.

Winters, S.J., Sherins, R.J. and Loriaux, D.L.: Studies on the role
of sex steroids in the feedback regulation of gonadotropin concentration
in men. III: androgen resistance in primary gonadal failure. J. Clin.
Endocrinol. Metab. , in press.
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Preliminary studies of aqueous extracts of bovine testes and ram rete testis
fluid demonstrate a dose dependent suppression of FSH and LH in an in-vitro
bioassay utilizing LRF stimulated gonadotropin release from neonatal rat
pituitary cell primary cultures. This gonadotropin suppression does not appear
to be due to sex steroid contamination nor degradation of LRF. These data are
encouraging for the hypothesis that a non-steroid FSH inhibitor (inhibin) is '[

produced by the seminif erous tubule.
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Objectxves. ^P

Much indirect evidence has accumulated during the past five years, in

both rodents and man, to suggest that there is a specific seminiferous tubular
inhibitor of FSK secretion (inhibin) , independent of the regulation exerted
via sex steroids of Leydig cell origin. Preliminary reports have appeared
describing direct inhibition of F3H secretion by aqueous extracts of testis,

rete testis fluid, bovine and porcine follicular fluid and seminal fluid ^^
which are devoid of contaminating sex steroid. The purpose of this project©
is to develop methods to isolate and chemically characterize this putative
FSH inhibitor.

Methods Employed.

Concentrates of aqueous extracts of bovine testis are prepared using
high speed supernatents of homogenized tissue, ultrafiltration of cytosol,

organic solvent extraction and lyophilization. Extracts of Ram Rete Testis
fluid, bovine and porcine follicular fluid are prepared by extraction of

sex steroids.

The gonadotropin suppressive activity of these preparations is tested
in an in-vitro bioassay of neonatal rat pituitary cells grown in primary
tissue culture. Tissue preparations are assayed for their ability to

suppress gonadotropin release stimulated by in-vitro administration of LRF.

Major Findings. ^k

Primary culture of rat pituicytes has proven to be a reliable and pre-
cise in-vitro bioassay of LRF and LRF analogue activity which is not signifi-
cantly altered by 10 - 10 M concentration of sex steroid. Aqueous
extracts of bovine testis and rete testis fluid have been shown to contain
small molecular weight fractions which produce dose-dependent suppression of

LRF stimulated FSH and LH release. Suppression of FSH and LH release does
not appear to be due to degradation of LRF or gonadotropin.

Significance.

These data are provocative and suggest that testicular/pituitary inter-
action may indeed involve molecules other than sex steroids as classically
described. Development of new concepts of FSH regulation is not only impor-

tant in reproductive biclog]/, but also may provide insight into mechanisms
of altering reproductive function critical to such fields as contraception
and infertility. ^^

Proposed Course.

1. In collaboration with Dr. Hao-Chia to develop fraction techniques
to isolate and characterize the non sex steroid inhibitor from Rete Testis
fluid, bovine and porcine follicular fluid. These tissues have been chosen
because they appear to contain the inhibitor at high specific activity,

simplifying the isolation procedure. ^^
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-• '^^ collaboration with Dr. Gary Hodgen to develop an in-vitro assay

of the "FSH inhibitor" in Rhesus monkey.

Publications.

r

Lee, I. P., Sherins, R.J. and Dixon, R.L.: Evidence for induction of
germinal aplasia in male rats by environmental exposure to Boron.
Toxicol. Appl. Pharmacol. , in press.

Sherins, R.J., Olweny, C.L.M. and Ziegler, J.L. : Gynecomastia and
gonadal dysfunction in adolescent boys treated with combination chemo-
therapy for Hodgkin's disease. New Eng. J. Med. 299;12-16, 1978.

Van Thiel, D.H., Gavaler, J.S., Sherins, R.J. and Lester, R. : Alcohol
induced ovarian atrophy. J. Clin. Invest. 61:624-632, 1978.

))
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A variety of studies of clinical disorders of male reproduction are in progress.
Currently we report 1) new biochemical studies of sperm function, 2) demonstra-
tion of a reduced FSH requirement for maintenance of spermatogenesis in hypo-
gonadotropic men and 3) evidence that response to varicocelectomy among inf er -||||

tile men may be only 10% compared to earlier more favorable estimates.
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Obj ectives

.

Our primary goal is directed toward understanding clinical reproductive
biology with emphasis toward application of new information and methodology
to diagnosis and treatment of the infertile male. To achieve our goal, it is

imperative that we maintain both an outpatient diagnostic clinic and an in-

patient hospital metabolic ward.

Methods Employed.

Several studies are in progress to develop insight into both etiology
and treatment of the infertile male. All clinical physiology studies employ
measurements of hormones (FSH, LH, Testosterone, Estradiol, etc.) in biologi-
cal fluids as well as semen analysis.

A variety of other techniques have been developed or utilized in several
specific projects. These include electron microscopy of testicular material
from infertile men, statistical-computer analysis of semen parameters of

ejaculates collected from fertile and infertile men, and selected biochemical
analyses of sperm and seminal plasma.

Major Findings.

1) Studies of human sperm, in collaboration with Drs . Thaddeus Mann and

Roy Jones, have shown that human sperm, as with ram and bull, contain endo-

genous peroxidases, which when acting upon sperm phospholipids produce lipid
peroxides which promptly and irreversibly immobilize the sperm. Preliminary
studies have shown that the specific activity of the sperm peroxidase is

higher than normal among men whose cells are poorly motile.

These observations are unique and the first to suggest that there may be

a biochemical marker for some male infertility states in which sperm motility
is altered.

2) Studies in men with hypogonadotropic hypogonadism now demonstrate
that the FSH requirement for induction of spermatogenesis is considerably
lower than formerly recognized. After 1-7 years of administration of Human
Chorionic Gonadotropin to stimulate Leydig cell secretion of testosterone,
FSH, coadministered with hCG, is capable of inducing complete spermatogenesis
at dosages of only 25-38 I.U. every other day.

It is now apparent that after induction is complete, maintenance of

spermatogenesis can be accomplished using only hCG. These data suggest an

important dichotomy in the requirement for FSH in the induction and mainten-
ance process.

An interesting observation noted during evaluation of these hypogonado-
tropic men is that, following provocative stimulation with chlorpromazine

,

prolactin release is absent in the sexually immature men, but returns to

normal following exposure to androgen. A similar finding has been shown in

hypogonadotropic women following exposure to estrogen. These data indicate
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to distinguish between hypogonadotropic subjects and patients with constitu-
tionally delayed puberty.

3) Although varicoceles have been noted among 10% of apparently normal
men and that many men with such varicosity of the pampinifonn plexus of the
spermatic cord are fertile, some men with varicocele are infertile and show a

characteristic oligospermic seminal pattern. Variocelectomy has been associa^-
ted with improved semen analysis and/or pregnancy rate in 40-75% of operated
men.

C

From our studies in which patient selection has been based on a more
strict criteria of altered testicular function, we find only a 10% incidence
of improved sperm output following surgery; nevertheless, the response of
this smaller fraction of patients is important. At present we are attempting
to distinguish who will best respond to surgery by ascertaining whether there
are differences in Leydig cell function or other endocrine parameters.

Significance.

The studies in progress and reported add measurably to our understanding
of etiology of male reproductive disorders, provide insight into potential
mechanisms of testicular disease and provide new information to facilitate
the evaluation of the infertile male.

Proposed Course. ^
1) Pursue studies of sperm lipid peroxidation among men with necro-

spermia and to include electron microscopic evaluation of the sperm in view
of recent findings that there are ultrastructural changes in some non-motile
sperm which may account for the motility disorder (absent Dynein Bridges of
the axial filaments)

.

2) Use of high dose hCG to assess whether the FSH activity of the hCG
molecule (1 I.U./IOOO I.U. hCG) is adequate to explain the initiation of
spermatogenesis with hCG alone in some hypogonadotropic men.

3) To study Leydig cell function in detail (pre- and post-operatively)
in infertile oligospermic men undergoing varicocelectomy investigation will
also include analysis of testosterone concentration in spermatic artery
adjacent to testis to determine whether there is a counter current distribu-
tion of T from vein to artery as has been shown in the rodent.

Publications. ^
Jones, R. , Mann, T. and Sherins, R.J.: Adverse effects of peroxidized
lipid on human spermatozoa. Proc. Roy. Soc. , London, 201:413-417, 1978.

Rifka, S. and Sherins, R.J.: Current Concepts in Evaluation of the
Infertile Male. In Tyson, J.E. (Ed.) Neuroendocrinology of Reproduction :

Clinics in Obstetrics and Gynaecology. Vol. 5, London, W.B. Saunders ^^^^
Ltd. , in press

.
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Sherins, R.J. and Howards, S.J.: Male Infertility. In Harrison, J.H.

Gittes, R.F., Perlmutter, A.D. , Stamey, T.A. and Walsh, P.C. (Eds.)

Campbell's Urology . Philadelphia, W.B. Saunders Co., in press.

Sherins, R.J., Olweny, C.L.M. and Ziegler, J.L.: Gynecomastia and
gonadal dysfunction in adolescent boys treated with combination chemo-
therapy for Hodgkin's disease. New Eng. J. Med. 299:12-16, 1978.

Sherins, R.J. and Winters, S.J.: Management of Disorders of the Testis.
In Melmon, K. and Morrelli, H.P. (Eds.): Basic Principles and
Therapeutics . 2nd Edition, New York, MacMillan, 1978.

Winters, S.J. and Sherins, R.J.: Endocrine Causes of Male Infertility.
In Cockett, A.T.K. and Urry, R.L. (Eds.): Male Infertility: Workup

,

Treatment and Research . New York, Grune and Stratton, 1977, pp. 79-96.

Winters, S.J., Mecklenburg, R.S. and Sherins, R.J.: Hypothalamic func-
tion in men with hypogonadotropic hypogonadism. Clinical Endocrinology ,

8:417-426, 1978.

Winters, S.J., Wachtel, S.S., White, B.J., Koo , G.C., Javadpour, N.,

Loriaux, D.L. and Sherins, R.J.: H-Y' Antigen mosaicism in the gonad of

a 46, XX true hermaphrodite. New Eng. J. Med. , in press.
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The strategy and procedures of protein separation based on net charge differ-

ences (e.g., hGH, hPRL, hCG isohormones) by electrofocusing has been changed

and made more effective. This was possible on the basis of fresh insight into
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by the finding that natural pH gradients could be set up by non-amphoteric %
;

const ituents

.

m
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The "New Electrofocusing" (in collaboration with N. Y. Nguyen): Carrier
constituents capable of setting up natural pH gradients can be amphoteric
or non-amphoteric alike; they can be buffers, aminoacids, organic acids or
bases. The pH gradient in view of that finding is thought to be due to
protonation or deprotonat ion of the terminal non-amphoteric constituents,
or to the conventional mechanism in case of amphoteric constituents. All
non-terminal constituents can be charged, and are arrested in their migra-
tion by the 0-mobility zone at the terminus. Decay of pH gradients is
due to the migration of the charged form of the terminal "0 mobility"
constituents which must exist due to the mass law. It is halted by dif-
fusion from the electrolyte reservoir if the conventional catholyte and
anolyte are replaced by the "terminal constituents".

Publications

:

Caspers, M. L. and Chrambach, A.: Natural pH gradients formed by amino-
acids: Ampholyte distribution, time course, use in electrofocusing of
protein, relation to pH gradients in isotachophores is , separator effects.
Anal. Biochem. 81: 28-39, 1977.

Chidakel, B. E., Nguyen, N. Y. and Chrambach, A.: A device for the auto-
mated measurement of pH gradients in gel electrofocusing. Anal. Biochem.
77: 216-225, 1977.

Chrambach, A. and Baumann, G.: Isoelectric focusing on polyacrylamide gel.
In Catsimpoolas , N. (Ed.): Isoelectric Focusing . New York, Academic Press,
1976, pp. 77-91.

Chrambach, A., Jovin, T. M. , Svendsen, P. J. and Rodbard, D. : Analytical
and preparative polyacrylamide gel electrophoresis: An objectively defined
fractionation route, apparatus and procedures. In Catsimpoolas, N. (Ed.):
Methods of Protein Separation , Volume 2. New York, Plenum Press, 1976,
pp. 27-161.

Chrambach, A. and Nguyen, N. Y.: Electrofocusing in buffers: Formation of
natural pH gradients flexibility, gradient stability, relation to isotacho-
phoresis and preparative potential. In Radola, B. J. and Graesslin, D. (Eds)
Electrofocusing and Isotachophores is . Berlin-New York, Walter de Gruyter,
1976, in press.

Chrambach, A. and Nguyen, N. Y. : Preparative electrofocusing and isotacho-
phoresis. In Sandberg, H. (Ed.): Proceedings of the International Workshop
on Technology for Protein Separation and Improvement of Blood Plasma
Fractionation . U.S. Department of Health, Education and Welfare, Public
Health Service Publication No. (NIH) 78-1422, Washington, D.C., U. S.
Government Printing Office, 1977, pp. 484-507.
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Chrambach, A. and Nguyen, N. Y.: Preparative electrophoresis, isotacho-
phoresis and electrof ocus ing on polyacry lamide gel. In Righetti, P. J.,
van Oss, C. J. and Vanderhoff, J, W. (Eds.): Electrokinet ic Separation
Methods . Amsterdam, Elsevier/North Holland Biomedical Press, in press.

Houghten, R. and Chrambach, A.: Preparative isotachophoresis on polyacryla-
mide gels: Resolution as a function of time and wattage. Anal. Biochem. ^
303-309, 1977.

McCormick, A., Miles, L. E. M. and Chrambach, A.: Selective elution of zones
by ampholytes or buffers: A method for preparative isoelectric focusing on
polyacrylamide gel. Anal. Biochem. 75: 314-324, 1976.

McCormick, A. G. , Wachslicht, H. and Chrambach, A.: Separation of hemo-
globins A and S by gel electrofocusing , using selective zone elution by gel
transposition between suitable anolytes and catholytes. Anal

.

Biochem. 85:
209-218, 1978.

Nguyen, N. Y. and Chrambach, A.: A test of the resolving power of cascade
electrofocusing and cascade stacking: Separation of BSA from ovalbumin.
Anal. Biochem . 87: 576-585, 1978.

Nguyen, N. Y. and Chrambach, A.: Natural pH gradients in buffer mixtures:
Formation in the absence of strongly acidic and basic anolyte and catholyt^
gradient steepening by sucrose and stabilization by high buffer concentrations
in the electrolyte chambers. Anal . Biochem. 79: 462-469, 1977.

Nguyen, N. Y. and Chrambach, A.: Non-isoelectr ic focusing in buffers. Anal

.

Biochem . 74: 145-153, 1976.

Nguyen, N. Y. and Chrambach, A.: Stabilization of pH gradients formed by
ampholine. Anal. Biochem. 82: 226-235, 1977.

Nguyen, N. Y. and Chrambach, A.: Stabilization of pH gradients in buffer
electrofocusing on polyacrylamide gel. Anal. Biochem. 82: 54-62, 1977.

Nguyen, N. Y., McCormick, A. G. and Chrambach, A.: An anodic drift of pH

gradients in isoelectric focusing on polyacrylamide gel. Anal . Biochem.
,

88: 186-195, 1978.

Nguyen, N. Y. , Rodbard, D. , Svendsen, P. J. and Chrambach, A.: Cascade
stacking and cascade electrofocusing: Their interconversion and fundamentals
unity. Anal. Biochem. 77: 39-55, 1977.

Nguyen, N. Y., Salokangas, A. and Chrambach, A.: Electrofocusing in natural
pH gradients formed by buffers: Gradient modification and stability with
time. Anal. Biochem. 78: 287-294, 1977.
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Wyckoff, M,, Rodbard, D. and Chrambach, A.: Polyacrylamide gel electrophoresis
in sodium dodecylsulf ate containing buffers, using multiphasic buffer systems:
Properties of the stack, valid Rf-measurement and optimized procedure. Anal.
Biochem. 78: 459-482, 1977.
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(1) hGH batches of 150 mg were plasmin digested and fractionated to yield hGH
isohormones D and E. These were bioassayed in the rat and found to be bio-
activated. The bioact ivity was found to be stable on storage in liquid nitro-
gen. Stored batches are being accumulated for testing in patients . (2) ^'^°" j^
late cyclase and (3) insulin receptors have been physically characterized with
maintenance of activity (4) Characterization of progesterone receptors from
chick retina is in progress,

702

?hS-6040



ZOl HD 00165-03 RR

(1) Isolation of hGH-D and -E for clinical testing (in collaboration
with M. I. New and R. E. Grindeland): This is a continuing project, aiming
at the accumulation of amounts of hGH-D and -E sufficient for testing in
patients. Methodologically, there are two new points. Isolated hGH-D and
-E were found to lose bioactivity with time of storage—only in liquid
nitrogen are the bioact ivit ies stable. Secondly, extraction of isohormones
separated by isotachophoresis on polyacrylamide gel is now done electro-
phoretically in a single operation, not by multiple diffusion steps.

(2) Physical characterization of active adenylate cyclase (in collabo-
ration with A. Newby and M. Rodbell): This was a pioneering study for the
field of membrane-bound, "intrinsic" glyco-lipo-proteins in general, because
it led not only to the first report in which adenylate cyclase activity could
be maintained in PAGE but it led to a general approach in the electrophoretic
characterization of a maximally disaggregated, maximally active and fully
solubilized "insoluble" glyco-1 ipo-protein. The general approach involves
mixing of nonionic, carboxylic, amphoteric and sulfonated detergents in
micellar concentrations so as to maintain 1/2 maximal activity.

(3) Insulin receptor (in collaboration with U. Lang and J. Roth):
Physical characterization by PAGE is in progress.

(4) Progesterone receptor (in collaboration with S. Ben-Or) : Physical
characterization by PAGE is being attempted.

(5) Human prolactin isohormones C and D (in collaboration with M. Ben-
David): Isolation of the two major isohormones of hPRL bv gel electrofocus-
ing is being attempted. The major problem of resolution is the elaboration
of a maximally narrow pH gradient through appropriate choice of anolyte/
catholyte, while avoiding undue band spreading and fusion of the two pro-
tein distributions upon flattening the pH gradient, as well as detecting
of and filling of conductance gaps in the flattened pH gradient. The study
aims at establishing specific bio-binding and immuno-act ivit ies for the
two isohormones.

Publicat ions

Muniz, N., Rodbard, D., and Chrambach, A.: Limitations in Protein
Identification by Quantitative Polyacrylamide Gel Electrophoresis.
Anal. Biochem . 83: 724-738, 1977.

Ben-David, M. , and Chrambach, A.: Preparation of Bio- and Immuno-
active Human Prolactin in Milligram Amounts from Amniotic Fluid in
60% Yield. Endocrinology 101: 250-261, 1977.

Newby, A. C., Rodbell, M. , and Chrambach, A.: Adenylate Cyclase in
Polyacrylamide Gel Electrophoresis: Solubilized but Active. Arch.
Biochem. Biophys ., 1978, in press.
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Bauer, A. C, Chrambach, A., and Levenbook, L.: Molecular Forms of

Four Aldolases from Larval and Adult Stages of the Blowfly Phormia
regina (Meigen). Insect Biochemistry , 1978, in press.

Skyler, J. S., Bauraann, G. , and Chrambach, A.: A Catalogue of Iso-

hormones of Human Growth Hormone Based on Quantitative Polyacrylamide
Gel Electrophoresis. Acta Endocr. Suppl . 211: 1-40, 1977. ^,.

704



(SMITHSONIAN SCONCE INFORMATION EXCHANGE
PROJECT NUMBER ^Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00168-02 RR
PERIOD COVERED

Qrrnher 1 . 1977 m S ppt Pmh ^r ^ n 1973
TITLE OF PROJECT 130 characters or less)

Destruction of Primordial Oocytes in Mice

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: B.J. Gulyas
OTHER: D.R. Mattison

L.C. Yuan

Physiologist
Clinical Assoc,
Chemist

ERRB NICHD
LCP NCI
ERRB NICHD

COOPERATING UNITS (if any)

None

lab/branch

'
Endocrinology and Reproduction Research Branch

SECTIC:

Section on Endocrinology
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland
TOTAL MANYEARS

0.5
CHECK APPROPRIATE B0X(E3)

~ (a) HUMAN SUBJECTS

D (a1 ) MINORS Q (a2) INTERVIE^VS

PROFESSIONAL:

0.5

OTHER:

(b) HUMAN TISSUES X (c) NEITHER

SUMMARY OF ,JORK (200 words or less - underline keywords)

^^^ Polycyclic aromatic hydrocarbon (PAH) 3-methylcholanthrene (MC) is a
known initiator of ovarian granulosa cell tumor in mice. A~^erequisite
to initiation of ovarian tumors appears to be depletion of primordial
follicles from the ovaries of PAH sensitive mice. I^en C57B1/6N (B6) mice
are treated with MC nearly all of the primordial oocytes are destroyed within
^/^y^- Ultrastructural studies revealed that the morphological appearance
of damaged oocytes in ovaries of treated animals is similar to spontaneous
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Primordial oocytes of C57B1/6N (36) stain mice are sensitive to polycyclic
aromatic hydrocarbons (PAH). Furthermore, several PAH ' s are known ovarian
carcinogens. The interrelationship between ovarian carcinogenicity and
oocyte destruction is of interest, as no tumors appear until after the prim-
ordial oocytes are completely destroyed. In the present study the destruc-^
tion of mouse oocytes in primordial and small primary follicles in response
to a single injection of 3-methylcholanthrene (MC) was studied at the ultra-
structural level. The primary objective of the study was to determine
whether the site of action of MC , as ascertained from the alterations in the
ultrastructure of cell organelles, is within the oocytes or in the surround-
ing granulosa cells.

Methods Employed

Inbred mice of the C57B1/6N strain were obtained from the NIH Veterinary
Resources Branch. The animals were housed in plastic cages with hardwood
bedding. Four-week-old animals received a single intraperitoneal injection
of MC (80mg/Kg) , dissolved in corn oil. Control animals received corn oil
only. Animals were killed by cervical dislocation at specified intervals
after treatment.

For light microscopic studies both ovaries from each mouse were fixed in
Bouins solution, serially sectioned at 5um and stained with hematoxylin and |k
eosin. The number of primordial follicles in each ovary was determined by ^'
methods previously described.

For electron microscopic observations a combinations of the following
fixatives and buffers were used: 3% or 4% glutaraldehyde in 0.1 M phosphate,
or cacodylate, or s-collidine buffer, pH 7.4, for 1.5-2 h. In addition,
another fixative, consisting of 2.25% glutaraldehyde, 0.25% formaldehyde in
0.1 M s-collidine buffer, was also used. Tissue blocks were washed in the
appropriate buffer twice for 15 min prior to post-fixation in 1% OgOu in

0.1 M of either phosphate, cacodylate of s-collidine buffer, at 4°C for 1 h.

Tissues were washed after osmication, en bloc stained in 0.5% uranyl acetate
in Veronal acetate buffer for 1-1% h. Then the tissue blocks were dehydrated
in an increasing concentration of ethanol and embedded in Epon 812. Thick
Epon sections were stained with neutral toluidine blue. Gold to silver thin
sections were picked up on Parlodion-coated, carbon-reinforced copper grids.
The sections were stained with uranyl acetate and lead citrate prior to
examination.

Major Findings ^'.

The number of primordial follicles remained constant in control animals.
In contrast, their number decreased significantly (P < 0.01) by three days,
and they were depleted by seven days after MC treatment. Subtle degenerative
modifications were noted in the ooplasm of primordial follicles two days
after treatment. These changes consisted of vesiculation of mitochondrial
cristae, increased electron density of the mitochondrial matrix, myelin €
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structures in lipid droplets and in mitochondria. More advanced stages of
degeneration of primordial follicles were characterized by further vesicula-
tion or disappearance of mitochondrial cristae chromatin clumping and in-
creased density of the ooplasm. Small primary follicles had undergone
similar initial degeneration as primordial follicles. In more advanced
stages of degeneration nuclear and cytoplasmic contents condensed, endo-
plasmic reticulum, Golgi and mitochondria swelled, small vesicles and multi-
vesicular bodies appeared. In the most advanced stages of degeneration of
small primary follicles small portions of the oocyte were engulfed by the
surrounding follicular cells. It is concluded that exposure of B6 mice to
a single dose of MC results in atresia of oocytes in primordial and small
primary follicles. Ultrastructurally , these degnerating oocytes of treated
mice looked much like the spontaneously atretic oocytes in untreated animals.

Significance

The mammalian ovary has a dual function in that it not only produces
steroid hormones essential in the establishment and maintenance of repro-
ductive function, but also serves as a repository of oocytes, the female
gamete. Toxins acting on the ovary may impair reproductive function by
interfering with steroidogenesis, direct destruction of oocytes or more
subtle alterations of gamete DNA, RNA or proteins. It is reasonable to
suggest that exposure of these mice to PAH will shorten the overall
effective life of the ovary, as far as normal reproduction is concerned.
Exposure to PAH accelerates senility of the ovary, achieveing an afollicular
state prematurely. Recent epidemiological data support the notion that
human oocytes are sensitive to environmental PAH's. Because the environ-
mental PAH pollution may have possible long-term effects on reproduction by
destroying ovarian oocytes, the sensitivity of human oocytes to these toxins
deserves close attention.
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The overall objective of this project is to understand the biology of the
glycoprotein hormones (thyrotropin , chorionic gonadotropin , luteinizing hormone

,

and follicle-stimulating hormone ) . Methods for more sensitive and accurate
measurement of thyrotropin and chorionic gonadotropin in biologic fluids hav
been developed. Studies of structure-function relationships indicate that h<5

chorionic gonadotropin and luteinizing hormone have intrinsic follicle-stimu- I

lating and thyroid-stimulating activities. The emphasis of the project in the
|

coming year will be on the distribution, renal excretion, metabolism, and degra4
dation of glycoprotein hormones and on the mechanisms of structural, immunologi-
cal, and biological heterogeneity of glycoprotein hormones.
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Objectives

:

The overall objective of this project is to understand the biology of
the glycoprotein hormones and the role of glycoprotein hormone derangements
in human diseases. The research effort of the current year has been directed
most heavily toward: 1) the development of methodology to more sensitively
measure various glycoproteins in biologic fluids and 2) the exploration of
whether functional heterogeneity among the glycoprotein hormones is a general-
ized phenomenon.

Methods Employed:

Hormones with thyroid-stimulating, luteinizing, and follicle-stimulating
activities are measured by bioassay, radioreceptor assay, and radioimmuno-
assay. The hormones, subunits, and various related secretory or degradation
products are extracted, concentrated, separated, or purified by various pro-
cedures including gel filtration, adsorption chromatography, or affinity
chromatography

.

Progress

:

Recent progress in methodology has occured in the measurement of a num-
ber of glycoproteins of importance in endocrinology. First, the effective
sensitivity of the radioimmunoassay for human thyroid-stimulating hormone
(TSH) in serum was improved approximately 5-fold by using agarose-bound con-
canavalin-A to extract and concentrate serum TSH. This is a novel application
of solid-phase technology in which a carbohydrate-specific adsorbant is co-
valently linked to an insoluble matrix and is used to extract and concentrate
glycoproteins in a batch-wise fashion. With this method, TSH was clearly
measureable in over 95% of healthy normal men and women and undetectable in
hyperthyroid patients. Studies involving applications in various clinical
settings are in progress. Second, a method for rapid, accurate measurement
of dopamine-6-hydroxylase (DBH) in serum and tissue homogenates has been de-
vised. DBH is a glycoprotein enzyme localized in neural tissues which cata-
lyzes the conversion of dopamine to norepinephrine. There are various tissue-
derived inhibitors of this enzyme contained in biologic samples. Our unique
approach to the separation of DBH from its inhibitors involved a simple
chromatography step with the lectin, concanavalin-A. Not unexpectedly, the
active site of the DBH enzyme was unaffected by the binding of the carbohy-
drate portion of the DBH molecule to the lectin. Consequently, DBH could be
easily separated from various interfering factors and DBH enzyme activity
could be readily measured under optimal conditions with the DBH adsorbed to
a solid-phase matrix through its carbohydrate side chains. Third, we have
developed a method for the measurement of testosterone-estradiol binding
globulin (TeBG), the principal transport protein for testosterone. Earlier
techniques for the measurement of TeBG were found to be laborious and to
require specialized equipment and expertise. Thus, one important advantage
of our method over earlier methods is its simplicity. TeBG, a glycoprotein,
is adsorbed from plasma onto a solid-phase matrix of concanavalin-A, a carbo-
hydrate specific adsorbant. The TeBG binding capacity is determined by
Scatchard analysis of the binding of radioactive testosterone to the solid-
phased plasma glycoprotein fraction. Initial clinical applications of this
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TeBG levels. The mean level of TeBG binding capacity in normal women was
about 25% higher than that in normal men. Also, a substantial rise in the
level of TeBG binding capacity occurs in response to the synthetic estrogens
in oral contraceptives, and a more marked rise in response to hyperthyroidism
and pregnancy. Fourth, progress has been made in the measurement of various
glycoproteins in urine by radioimmunoassay. Various approaches to the puri-
fication of glycoprotein hormones from urine specimens were examined. For
the measurement of hCG and its subunits, adsorption chromatography proved to ^
be a simple and reliable way not only to purify, but also to concentrate
these glycoproteins from urine. The hCGa and hCG3 subunits were readily
detected in the urine of normal subjects following intravenous administration
of the purified subunits. One surprising finding was that less than 1% of
either subunit was excreted into urine, while about 20% of the intact hCG
molecule is excreted by the kidney. Preliminary studies of TSH metabolism
confirm its presence in urine, but in much lower quantities than expected
based on comparison to hCG.

Our work on structure-function relationships among the glycoprotein hor-
mones has continued. It has become increasingly apparent through recent work
in this laboratory and others that the hormones TSH, LH, FSH and hCG consti-
tute a structurally homologous group of glycopeptides which to some extent
share biologic activities. Our earlier findings using bioassays showed that
highly purified hCG, but not its separate subunits, manifest readily detect-
able thyroid-stimulating and follicle-stimulating activities. Since hCG and
LH are structurally similar, differing essentially only in the extra carboxylA
terminal 30 amino acids of the hCGB subunit, it is logical that luteinizing
activity would be the predominant biologic activity of hCG and LH prepara-
tions. Unf ortunatly , direct assessment of the LH molecule for intrinsic
thyroid-stimulating or follicle-stimulating activity has been difficult be-
cause of the contamination of available LH preparations with pituitary TSH and
FSH. By recombining highly purified hCGa with highly purified ovine LH6, it

was possible to create an LH6 hybrid molecule preparation with potent luteini-
zing activity and with essentially no pituitary FSH or TSH contamination.
This LH molecule, an hCG structural analogue, inhibited the specific binding
of radiolabeled FSH to rat testes homogenates and stimulated the release of

radioactivity from the pre-labeled thyroids of mice. The data clearly indi-
cate that both LH and hCG possess intrinsic thyroid-stimulating and follicle-
stimulating activities.

Investigations into the properties of hCG, a glycoprotein hormone se-
creted by the placenta, have been fruitful. Studies with the homologous hCG
preparations provided important additional evidence for the physiologic ^
relevance of the FSH and LH-hCG binding sites apparent in rat testis homo- ^
genates. The relative potencies of crude hCG, purified hCG, hCGa, hCGS and
recombined hCG were the same in the hCG bioassays, the hCG radioreceptorassay

,

the FSH bioassay and the FSH radioreceptorassay. The observations indicate
that 1) the same molecular species, intact hCG, accounts for biologic activity
in vivo and radioreceptor activity in vitro , 2) inhibition of binding reflects
interaction with the biologically relevant glycoprotein receptor, 3) the
combined a-3 structure of a glycoprotein hormone is required for relevant ^t
interaction with the receptor whether the interaction is occurring with the

"
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primary receptor or a secondary receptor, 4) the luteinizing and follicle-
stimulating activities apparent in bioassays result from molecular inter-
actions of hCG preparations with glycoprotein hormone receptors.

Significance

These investigations have advanced our knowledge of glycoprotein hormone
biology. Based on our data indicating that follicle-stimulating and thyroid-
stimulating activities are intrinsic to both hCG and LH, the concept has
emerged that individual glycoprotein hormones may manifest not only primary
but also secondary intrinsic biologic activities. Thus, end-organ receptor
specificity, due to structural homologies among the glycoprotein hormones,
is not complete, but rather, relative. For example, in the rat, hCG inter-
acts potently with the Leydig cell receptor and relatively weakly with FSH and
TSH receptors. The observation of inherent functional heterogeneity in
glycoprotein hormones raises an issue of practical significance for the
preparations and characterization of international standards. Complete
physicochemical purification could theoretically be accomplished, yet the
persistence of non-predominant biologic activities simulate contamination
with small quantities of the other glycoprotein hormones. Consequently, the
definition of purity and the characterization of standards for the glycopro-
tein hormones should take into account the inherent functional heterogeneity
of these structural homologues. From the clinical point of view, the impact
of this conceptual framework is to give support to the hypothesis that it is
the thyroid-stimulating activity intrinsic to hCG which accounts for the
acceleration in thyroid function so commonly observed in patients with
trophoblastic disease.

The improved methods developed as a part of this research effort can be
expected to have a substantial impact on clinical medicine, as well as on
clinical research. The clinical usefulness of commercially available radio-
immunoassays for human TSH has been limited principally because of poor sensi-
tivity. Our method for concentrating TSH from serum can be expected to in-
crease_ the effective sensitivity, and, thereby, enhance the clinical utility
of the assays which are currently in use. Further, enhanced sensitivity of
the serum TSH radioimmunoassay will permit the exploration of the regulation
of TSH in conditions which heretofore have been largely ignored. The poten-
tial applications in the diagnosis and management of patients with thyroid
and pituitary diseases are extensive.

The ability to rapidly, accurately, and reproducibly measure TeBG
binding capacity is a valuable addition to the diagnostic armamentarium of
the reproductive endocrinologist. Since the vast majority of the testos-
terone and dihydrotesterone in serum is actually bound to TeBG, and therefore
not readily available to peripheral tissues, clinical inferences based on the
total serum testosterone level may be erroneous if there are alterations in
the concentration of this transport protein. The combination of total hormone
level and an index of hormone binding can be expected to facilitate diagnostic
precision in the evaluation of gonadal function in a manner analogous to that
which has occurred for the thyroid hormones in recent vears.
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Proposed Course ^

Development of methods to more sensitively and accurately measure glyco-
protein hormones in biologic fluids will continue to receive strong emphasis.
Various protein separative procedures will be integrated with radioimmunoassay
technology. The development of these assays will permit the examination of
the biology of human pituitary function at low normal and infra-normal serum
concentrations. Studies of the intact glycoprotein hormones and various sub-
units in urine are planned to give insight to the effect of glycoprotein %
structure on renal excretory mechanisms. Throughout these studies clinical
applications will be stressed.

Increased attention will be given to the distribution, metabolism, and,
in particular, degradation of the glycoprotein hormones. Specifically, the
parameters that characterize the distribution and metabolism of purified hCG
and its subunits in human subjects will be determined. Degradation products
appearing in serum and urine will be characterized.

Further studies aimed at elucidating the mechanism of hyperthyroidism in
choriocarcinoma are planned to determine the chemical, immunologic, and
biologic properties of the putative thyrotropic factor. We are studying the
interaction of various glycoprotein preparations obtained from patients with
trophoblastic disease with various thyroid membrane preparations to elucidate
receptor mechanisms and to gather more evidence concerning whether some factor
with thyrotrophic activity, other than hCG, is secreted by trophoblastic
tissue. ^.

Publications

Nisula, B.C., and Louvet, J. P.: Radioimmunoassay of thyrotropin con-
centration from serum. J. Clin. Endocrinol. Metab. 46:729, 1978.

Nisula, B.C., Ayala, A.R., Stolk, M.D. , Taliadouros, G.S., and Stolk,
J.M.: Solid phase group specific adsorbants in assays for glycoproteins.
In: Radioimmunoassays and Related Procedures in Medicine, IAEA ,

V ienna, 19 78.

Siris, E. , Nisula, B.C., Catt, K.J., Horner, K. , Birken, S.,

Canfield, R.E., and Ross, G.T.: New evidence for intrinsic FSH-like
activity in human chorionic gonadotropin and luteinizing hormone.
Endocrinology 102:1356, 1978.
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Since the natural history of chromophobe adenomas unassociated with visual
impairment is uncertain, the approach to therapy in patients with this dis-
order is controversial. Complications often attributed to tumor growth
may, in fact, be sequalae of the treatment administered, whether it be
radiotherapy or surgery. The purpose of this project is two-fold: 1) to
observe the natural history of untreated chromophobe adenomas in patients
who do not present initially with visual disturbances and 2) to compare
their clinical course with that of patients treated by one commonly employed
modality, i.e., radiation therapy. Thus, patients will be randomized into
two groups: one group will receive no therapy and one group will be treated
with conventional pituitary irradiation . In a sense each group is serving
as a control for the other group. Over the study period specific clinical
and laboratory abnormalities will be assessed in each group and compared
in an attempt to help guide physicians in the treatment of this disorder.
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Project Description:

Male and female patients less than age 55 who have carried the diagnosis of
a pituitary tumor for less than one year and for which they have not re-
ceived prior treatment are eligible. Patients with acromegaly and Gushing'

s

Syndrome will not be studied. Minors will be admitted to the protocol onl-^^
with their own and parental consent. If a defect in visual fields using a^^^
one millimeter white object is found the patient will receive treatment in
a standard fashion and will not be considered for this protocol. In addi-
tion, patients with the following conditions will be excluded from the proto-
col: 1) severe, incapacitating headaches; 2) complete erosion of the in-
ferior margin (floor) of the sella turcica; 3) clinical evidence of caver-
nous sinus involvement (e.g., painful opthalmoplegia)

.

Historically, conventional radiation therapy has played a major role in the
management of chromophobe adenomas of the pituitary. Complications such as
optic neuritis, extraocular muscle paralysis and loss of memory which might
be attributable to therapy are rare. When further endocrine hypofunction
follows pituitary radiation the relative contributions of the radiation and
the underlying adenoma itself can not be separated. This question could be
answered in this prospective study of treated and untreated patients.

The purpose of this project is then to observe the natural history of un-
treated chromophobe adenomas which have not initially produced a visual
field defect and to compare their clinical course with that of patients re-
ceiving conventional pituitary irradiation. Through a comparison of the
long-term clinical and laboratory follow-up of these patient populations, a
meaningful analysis of the relative impact of pituitary irradiation on the
natural history of this disorder when left untreated could be made. In
addition, specific clinical and laboratory abnormalities which will guide
the physician in his treatment of these patients may be identified.

Major Findings:

This project has not been in existence very long, and since it will eventu-
ally involve a large number of patients followed for at least ten years, no
conclusions can be made as yet. To date, four (4) patients have been ran-
domized.
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The following apparatus and procedures were elaborated: 1) An apparatus for the

measurement of segmental voltages across electrofocusing gels; 2) An apparatus

Ifor the simultaneous PAGE analysis in different buffers or detergents; 3) A con-

tinuous rate decelerator for elution pumps used in preparative PAGE; 4) An

electrophoretic protein concentration device
;

5) A procedure for the bridging of

iconductance gaps in electrofocusing at high ionic strength; (6) An apparatus for
^-. ;

. r ^ >.

the automated measurement of ^"^c-labeled zones on polyacrylamide gels
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(1) Apparatus for the measurement of segmental voltage in electrofocus-
ing (in collaboration with A. Jackiw, B. E. Chidakel and R. K. Brown):
Electrofocusing suffers from an uneven distribution of carrier ampholytes
along the pH gradient. Regions with very low carrier ampholyte concentra-
tions ("conductance gaps") may prevent the attainment of the isoelectric
position by the protein or may give rise to heat denaturation across the

gap. We have built a device for the detection of such conductance gaps

during electrofocusing, and have developed methods to bridge the gaps by

appropriate changes in the carrier ampholyte composition. Representative
types of carrier ampholytes have been analyzed for conductance gaps.

(2) Apparatus for the simultaneous PAGE analysis in different buffers
or mixtures of detergents (in collaboration with A. Newby and G. Matthews):
Optimization of pH or detergent composition in PAGE requires a method for

simultaneous PAGE analysis of systems differing in voltage gradient. A gel

electrophoresis apparatus with 8 chambers was constructed and tested for

this purpose.

(3) Apparatus for the continuous flow rate deceleration of elution
pumps (in collaboration with L. Ellwein and R. Huff): At constant elution
flow rate, eluate fractions with high electrophoret ic mobility give rise to

steep peaks in preparative PAGE, while slowly moving components are unduly
diluted. To correct this discrepancy, a continuous rate deceleration device
was designed, constructed and tested successfully. In principle, a mechani-
cal cam was designed which, by sliding along the speed control knob of the

elution pump, decelerates the elution in proportion to Rf,

(4) Apparatus for electrophoret ic protein concentration (in collabora-
tion with H. Wachslicht): Steady-state stacking is used to concentrate pro-

tein automatically from volumes of up to 200 ml to 1 ml. A Stacking Gel of
1-2 times the volume of the sample is polymerized into a funnel shaped ap-

paratus. The entrance of the zone of concentrated protein into a detach-
able elution chamber of 1 ml volume is followed by means of a tracking dye.

Recoveries of microgram amounts of protein and up are 70% or more, if the

adsorption sites of the Stacking Gel are saturated with a suitable extran-
eous protein. Subsequent to electrophoretic concentration, the extraneous
protein and impurities derived from polyacrylamide are removed by gel fil-

tration.

(5) Procedure of electrofocusing at high ionic strength (in collabora-
tion with P. G. Righetti): Electrofocusing at high ionic strength is de-

sirable whenever conductance gaps bar the access of protein zones towards
their isoelectric positions. This is necessarily the case whenever mobili-

ties are so low in the neighborhood of the pi so that conductance gaps have

formed prior to the arrival of the protein at its isoelectric position on

the pH gradient. Electrofocusing at 0.1 ionic strength was found possible

(in violation of prior theory and dogma) and effective in allowing attain-
ment of the isoelectric endpoint by the notoriously slow moving ampholyte,
glycine. The method should also be important for proteins whose solubility
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and activity characteristics make them unsuitable for fractionation at the
very low ionic strength of conventional electrofocusing.

(6) Procedure for the automated measurement of C on polyacrylamide
gels (in collaboration with R. Magnusson and A. Jackiw) : Previous projects
in gel electrofocusing and electrophoresis requiring multiple analyses (up
to 100) of zones of C aminoacids had been unfeasible in view of the work
load involved in the manual slicing and isotope analysis. This problem was
solved by the observation that commercial paper strip scanners could be
adapted for the automated analysis on polyacrylamide gels of C aminoacids
and protein. The method requires scanning times of 5-10 minutes per gel,
but remains rather insensitive (50,000-500,000 cpm/gel are required).

Publ icat ions

Newby , A. C, Matthews, G. , and Chrambach, A.: A Simplified Poly-
acrylamide Gel Electrophoresis Apparatus for Simultaneous Application
of Multiple Buffer Systems or Detergent Combinations. Anal. Biochem .

,

1978, in press.

Righetti, P. G., and Chrambach, A.: Hindered Migration of Aminoacids
Toward Their Isoelectric Positions in Gel Electrofocusing, and Facili-
tation of the Migration at High Ionic Strength. Anal . Biochem . , 1978,
in press.

Ellwein, L. B., Huff, R. W. , and Chrambach, A.: A Simple Device for
the Continuous Deceleration of Eluent Flow in Preparative Polyacryla-
mide Gel Electrophoresis. Anal. Biochem . 82: 46-53, 1977.

Wachslicht, H., and Chrambach, A.: A Simple Device for Protein Con-
centration by Steady-State Stacking. Anal. Biochem . 84: 533-538, 1978.

Chidakel, B. E., Ellwein, L. E., and Chrambach, A.: Controlled De-
aeration of Polymerization Mixtures in Polyacrylamide Gel Electro-
phoresis. Anal. Biochem. 85: 316-320, 1978.
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(1) Natural pH gradients in electrofocusing have been stabilized. Stabiliza-
tion occurred when buffers were used as reservoir electrolytes instead of the

strong acid and base. (2) The steady-state in electrofocusing has been found

to depend on the multiplicity and load of constituents, as in isotachophores

^

(3) On the basis of such consideration, preparative elution of electrofocuse^*
zones has been successfully attempted. (4) Aminoac ids have been tested as

spacers in isotachophoret ic systems.
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(1) Isoelectric focusing appears to be a successful fractionation
method, based on differences in net charge between macromolecules. Yet,
its resolving capacity is largely limited by the progressive instability
of pH gradients. As electrofecus ing proceeds, pH gradients become more
acidic, carrier ampholytes and proteins migrate cathodically

,
protein

zones come closer and resolution decreases.

This instability of pH gradients has been overcome by replacement of
the strongly acidic and basic electrolytes by buffers identical to the ter-
minal constituents of the pH range. Also, for the first time, an "anodic
drift" of pH gradients has been found to occur with an appropriate choice
of catholyte. This will make it possible, by properly selecting the anolyte
and catholyte, to counterbalance the effect of the cathodic drift and to
arrive at pH gradient stabilization in electrofocusing.

(2) The possibility to conduct electrofocusing over prolonged periods
of time has a direct impact on resolution. Resolution depends on the steady-
state which, in turn, is governed by the number of const itutents or their
load. This has been shown earlier with isotachophoret ic system,

(3) Preparative zone elution has been attempted using two approaches:
constituent displacement and cascade stacking,

a. Constituent displacement (in collaboration with H, Wachslicht
and A. McCormick) : Colored proteins were allowed to focus on a flat pH
gradient, with a proper choice of anolyte and catholyte. Separation was
maximized. Zones of electrofocused proteins, orginally immobile, could
then be mobilized by a suitable exchange of anolyte and catholyte. Separa-
tion occurred in a funnel-shaped device and eluted proteins were collected
in an elution cup and analyzed for recovery,

b. Cascade stacking: A mixture of buffers, computed by the
theory and program of Routs, generated a series ("cascade") of sequential
multiple moving boundaries in isotachophoresis. The stationary zones in
electrofocusing could be mobilized anodically by converting the electro-
focusing system into a stacking system. This was done through replacement
of anolyte and catholyte by "lower buffer" and "upper buffer" of the cor-
responding stacking system. This method has been shown to successfully
isolate mg amounts of Bovine serum albumin from ovalbumin,

(4) The second preparative charge fractionation, isotachophoresis,
provides zones which are adjacent to each other. Overlapping occurs at the
borders separating protein zones. An attempt was made to interpose small
molecular weight compounds, such as aminoacids between proteins to be
separated. This was shown to separate successfully either subgroups of
proteins or proteins widely different in mobilities.

(5) Proposed course for FY 1979: During the next year, an optical
device will be tested to monitor the entrance of non-colored protein into
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Che elution chamber o* preparative devices. This will make it possible

for us to apply the 2 preparative methods described above to non-colored
compounds

.

(6) Determination of the conditions of "cascade stacks," initiated in

1978, will be pursued to provide a predictable way for the isolation of any
particular protein.

Publications

Chidakel, B. E., Nguyen, N. Y., and Chrambach, A.: A Device for the

Automated Measurement of pH Gradients in Gel Electrof ocusing. Anal .

Biochem . 77: 216-225, 1977.

Nguyen, N. Y. , and Chrambach, A.: Stabilization of pH Gradients in

Buffer Electrofocusing on Polyacrylamide Gel. Anal. Biochem . 82:

54-62, 1977.

Wachslicht, H. , and Chrambach, A.: A Simple Device for Protein Con-

centration by Steady-State Stacking. Anal. Biochem . 84: 533-538, 1978.

Nguyen, N. Y. , and Chrambach, A.: Stabilization of pH Gradients formed

by Ampholine. Anal. Biochem . 82: 226-235, 1977.

Chrambach, A., and Nguyen, N. Y.: Preparative Electrof ocusing and Iso-^
tachophoresis. In Sandberg, H. (Ed.) Proceedings of International Work-

shop on Technology for Protein Separation and Improvement of Blood Plasma

Fractionation . USDHEW Publication No.(NHLBI) 78-1422, 1977, pp. 484-507.

McCormick, A. G., Wachslicht, H. , and Chrambach, A.: Separation of

Hemoglobins A and S by Gel Electrof ocusing Using Selective Zone Elution

by Gel Transposition between Suitable Anolytes and Catholytes. Anal .

Biochem . 85: 209-218, 1978.

Nguyen, N. Y. , and Chrambach, A.: A Test of the Resolving Power of

Cascade Electrof ocusing and Cascade Stacking: Separation of BSA from

Ovalbumin. Anal. Biochem . 87: 576-585, 1978.

Nguyen, N. Y., McCormick, A. G., and Chrambach, A.: An Anodic Drift

of pH Gradients in Isoelectric Focusing on Polyacrylamide Gel. Anal .

Biochem. 88: 186-195, 1978.

Chrambach, A., and Nguyen, N. Y. : Preparative Electrophoresis, Isotach

phoresis and Electrof ocusing on Polyacrylamide Gel. In Righetti, P. J.

van Oss, C. J., and Vanderhoff, J. W. (Eds.): Electrokinetic Separation

Methods. Elsevier/North Holland Biomedical Press, Amsterdam, in press.

^
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SUMMARY OF WORK (200 words or less - underline ke/words)

The proteoglycans present in porcine and rat follicular fluid have been
characterized with regard to their chemical and physical-chemical properties,

The proteoglycans, approximately 2 million molecular weight, consist of 20%

protein, 55% dermatan sulfate and 20% oligosaccharides. The protein core,
approximately 400,000 molecular weight, has significantly different amino
acid composition and susceptibility to various proteolytic enzymes from
those of cartilage-type proteoglycans. The dermatan sulfate chains are
approximately 56,000 in molecular weight, and iduronic acid accounts for

9% of total hexuronic acid. The oligosaccharides, approximately 350 chains
per molecule, consist of penta and hexasaccharides , and are linked to the

protein core by the 0-glycosidic bonds. The chemical composition of these

oligosaccharides has been determined. The oligosaccharides resemble those

found in mucin-type glycoproteins. There is no apparent change in proteo-
glycan molecules with the size of follicles. Further, we have demonstrated
that in vitro cultured granulosa cells produce several species of proteo-
glycans in addition to those found in porcine follicular fluid.
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Objectives :

This study is intended to examine biochemical mechanisms of ovarian
responsiveness to follicle stimulating hormone, luteinizing hormone, human
chorionic gonadotropin, and pregnant mares serum gonadotropin (PMSG) . The
molecular structure of ovarian proteoglycans (a unique constituent of the ^
follicular fluid) is to be studied, as well as the effects of hormonal
manipulations on the biosynthesis and physical-chemical properties of these
proteoglycans

.

Methods Employed :

1. Protein isolation, involving cesium chloride density gradient sedimen-
tation under dissociating conditions, gel filtration involving Sepharose and
Sephadex, polyacrylamide gel electrophoresis (PAGE) and SDS-PAGE.

2. Chemical characterization of protein and carbohydrate moieties of
proteoglycans, using enzymatic, colorime trie , and chromatographic methods.

Major Findings :

Monomer proteoglycan was isolated from porcine ovarian follicular fluid
by isopycnic CsCl centrifugation in the presence of 4 M guanidine HCl and ^
protease inhibitors. The elution profile of the Dl preparation on Sepharose^
2B was similar to that of monomer proteoglycan from bovine nasal cartilage,
indicating a similar molecular size. Follicular fluid proteoglycans consist
of about 20% protein, 55% dermatan sulfate and 20% oligosaccharides rich in
sialic acid, galactose, mannose, glucosamine and galactosamine. The amino
acid composition of this proteoglycan is significantly different from that of
cartilage proteoglycans, with a higher proportion of aspartic acid, threonine
and lysine and lower amounts of proline and glycine. Alkali released dermatan
sulfate chains are larger on Sepharose 6B (average MW = 56,000) than chon-
droitin sulfate chains from cartilage proteoglycans (average MW = 25,000),
and iduronic acid accounts for 9% of total hexuronic acid. Disaccharide units
released by chondroitinase ABC consists of 67% 4-sulfated, 22% 6-sulfated,
5% non-sulfated and 5% disulfated disaccharides . After treatment with
0.05 M NaOH, 1 M NaBH^ at 45° for 25 hr, two major sialic acid containing
oligosaccharides were observed on Sephadex G-25, corresponding to penta-
and hexasaccharides. The pentasaccharide contained sialic acid, galactose,
glucosamine and galactosamine in the proportions 1:2:1:1. The galactosamine
is 0-glycosidically linked to the protein core. This oligosaccharide accoun(Pl
for approximately 77% of all the sialic acid in the follicular fluid proteo-
glycans. The hexasaccharide fraction contained sialic acid, galactose, mannose
and glucosamine in the proportions 1:2:1:2. It also contained a small amount
of fucose and galactosamine. The linkage of these oligosaccharides to the
protein core remains to be determined. The follicular fluid proteoglycans,
unlike those from cartilage, do not interact with hyaluronic acid. Digestion
with trypsin, chymotrypsin or plasmin released dermatan sulfate-peptides
nearly as small as those released by papain or alkali; in contrast, cartilag^
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proteoglycans were resistant to plasmin and released peptides containing an
average of more than 4 chondroitin sulfate chains after trypsin or chymotrypsin
digestion.

Studies by others (Strickland and Beers) have shown that the ovarian fol-
licular fluid contains a high level of plasminogen activator immediately prior
to ovulation. While this enzyme may conceivably be responsible for partial
degradation of the follicular wall, it also appears likely that the soluble
proteoglycans would also be affected. However, the apparent osmotic gradient
which can be generated by complete proteolysis of the protein core, with re-
lease of the osmotically active polysaccharide side chains, is limited because
of the low concentration of the proteoglycan in the follicular fluid. However,
such proteolysis would also be responsible for a decrease in viscosity and,
if similar proteoglycans are responsible for the formation of the cumulus
oophorus, then such proteolysis may conceivably be responsible, in part, for
the release of the ovum.

In related studies, we have demonstrated that in granulosa cell cultures
derived from hypophysectomized immature female rats treated with diethylstil-
bestrol, or in granulosa cell cultures derived from animals previously treated
with pregnant mares serum gonadotropin (PMSG), the addition of FSH in vitro
results in a significant increase in 35^ sulfate incorporation into macro-
molecules. Using the same experimental system, we have also demonstrated that
granulosa cells produce several different species of proteoglycans in addition
to those found in porcine follicular fluid.

Proposed Course :

Further studies will focus on the in vitro model systems, utilizing
granulosa cells from the HIFR-DES model and from the PMSG model. The role
of proteoglycans in follicular growth, development, atresia and ovulation
will be studied. Further, chemical characterization of the oligosaccharides
and of the nature of biosynthesis of these materials will be studied.

Publications :

Mueller, P., Schreiber, J. R. , Lucky, A. W. , Schulman, J. G., Rodbard, D.,
and Ross, G, T.: Follicle Stimulating Hormone Stimulates Ovarian Synthe-
sis of Proteoglycans in the Estrogen-Stimulated Hypophysectomized Immature
Female Rat. Endocrinology 102: 824-831, 1978.

Yanagishita, M., Rodbard, D., and Hascall, V. C.: Isolation and Charac-
terization of Proteoglycans from Porcine Ovarian Follicular Fluid.
Journal of Biological Chemistry, in press.
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SUMMARY OF ;JORK (200 words or less - underline keywords)

Information in gel electrophoresis regarding the properties of macromolecules
is conventionally derived from migration distance. The continuous optical
scanning apparatus originated by Catsimpoolas (operative with UV - optics
only at MIT and NIK) allows us in addition to access the information, e.g., A
regarding resolution and microheterogeneity , which is inherent in zone width
rather than zone position. This approach was applied to investigating the

dimensions of starting zones (which govern resolution) in PAGE and to the

determination of the shape of the distribution of a stack which is theoreti-
cally predicted, and widely thought, to be a step-function. The scanning
device was also used to determine the % residual (double-bonded) monomer in

polyacrylamide, i.e., the % polymerization efficiency.
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1. Initial zone width in PAGE with Multiphasic and Continuous Buffers

(in collaboration with A. Griffith, N. Catsirapoolas , A. Chrarabach, and

D. Rodbard) : The continuous scanning technique in PAGE opened the possi-
bility to test, by objective criteria, for the first time whether dis-
continuous (multiphasic) buffer systems offered any advantage with regard

to the thickness of the starting zone as compared to PAGE in a single, con-
tinuous buffer phase. The answer was found to be negative.

2. The Stack (in collaboration with A. Chrambach and D. Rodbard): In con-
firmation of theoretical prediction, the stack width was found to be con-
stant with time; the area of the stack distribution varies in proportion
to protein load; band width is independent of current density; it decreases
with ionic strength; protein concentration inside the stack is approximately
O.OIM (20 mg/ml for 6-lactoglobulin) when the concentration of the leading
constituent is 0.02M. In contradiction to theory, however, the shape of a

stack is near-Gaussian, not a step-function.

3. Assay for % polymerization (in collaboration with A. Chrambach): The
only presently available assay for determining polymerization efficiency
(basic to the correct interpretation of Ferguson plots), based on extraction
of residual monomer, is excessively laborious. An optical scanning assay
was devised, taking advantage of the strong UV-light source of the scanning
apparatus which allows one to detect small concentrations of residual monomer
against a background which at lower intensities appeared unsurmountable.
At the same time, the bimolecular reaction kinetics of the pol>Tnerization

reaction of cross-linked polyacrylamide were measured for the first time.

The rate is independent of persulfate initiator, although the lag period
is dependent on it.

Publications

:

Chen, B., Griffith, A., Catsimpoolas , N. , Chrambach, A. and Rodbard, D.:

Bandwidth: Comparison between continuous and multiphasic zone electrophore-
sis. Anal. Biochem. 89: 1978, in press.

Chen, B., Rodbard, D. and Chrambach, A.: Polyacrylamide gel electrophoresis
in multiphasic buffer systems with continuous optical scanning. Anal

.

Biochem. 89: 1978, in press.
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A regimen of standard tests for the diagnosis and differential diag-

nosis of the hyperfunctioning pituitary-adrenal axis has been designed to

provide data for comparison of the various determinations and procedures

now commonly employed. In addition the results of these tests will be

compared to investigative procedures to be carried out under protocols

which will be separately submitted. Patients will be treated by standard

clinical methods, or by investigative methods also to be covered by future

protocols

.

t
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Project Description:

The clinical features of the hyperfunctioning pituitary-adrenal axis,
standard diagnostic tests, and principles of treatment have been eluci-
dated by several centers and serve as the basis for management of most
patients with Gushing' s syndrome, primary aldosteronism, and the exces-
sive production of androgens or estrogens. However, numerous problems
remain. Such disorders are not common, but the s>Tnptoms and signs which
can be associated with them, e.g. , fatigue, weakness, hypertension,
obesity, osteoporosis, hirsutism, glucose intolerance, etc

.

, are relatively
common; thus, evaluation for adrenal overactivity is likely, in many
instances, to be unrewarding. Numerous "screening tests" which have been
suggested are either unreliable, or excessively expensive. Although the
history and physical examination are frequently adequate when dealing
with a well-developed syndrome, the variety and subtlety of the presenta-
tions of these disorders are well-recognized. Recent experience on our
ward has demonstrated that the usual baseline determinations and suppres-
sion tests repeated on the same patient may be variable and difficult to
interpret. Periodic hormonogenesis is a feature of many of these disorders;
thus, long hospitalizations and numerous determinations are frequently
necessary.

Careful attention to the details of the various testing procedures and
minor alterations in the performance of these tests have also led to a

better understanding of the physiology of the normal hypothalamic-pitui-
tary-adrenal axis and the pathophysiology of steroid secretion in disease
states in which the adrenal may be primarily or secondarily involved. In
addition, advances in the field of neuroendocrinology have made it desir-
able to continue to observe the behavior of certain peptides whose secre-
tion is closely associated with that of adrenocort icotrophic hormone.

The present protocol is designed to compare several diagnostic tests
commonly used in the evaluation of possible adrenocortical hyper function
and to provide clinical material for the development of improved tests and

procedures. The same patients will become the subjects of further protocols
designed to delineate the pathophysiology of the various disease states and
to evaluate the various modes of therapy. Until those protocols are opera-
tional, patients will be treated by standard clinical guidelines.

Patient selection will be directed primarily toward Gushing' s syndrome, but
the design of the protocol is general enough to include hypersecretion of
any adrenocortical hormone. The basis for admission is the clinical suspi-
cion of hypersecretion; but, when possible, appropriate steroid measure-
ments will have been performed prior to admission.
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SUMMARY OF WORK (200 words or less - uncerli-e keywords)

Effective April 1, 1978, India banned the export of rhesus monkevs . This

primate occupies a totally aaxque place in biomedical sciences research, in that

perhaps 90% of the information known about reproduction in non-human primates

has been learned from this species. Since domestic production of rhesus monk.^^

will not meet demands in the laboratory , a suitable substitute primate, with

broad ability must be found. Also, a huge amount of baseline study must be con-

ducted to establish the appropriateness of this new species as a surrogate for

the rhesus monkey.

728



Proj_ect Description: 201 HD 00177-01 RR

Our observations strongly suggest that the cynomolgus monkey (Macaca
f ascicularis ) is now the primate of choice. We have characterized pituitary
gonadotropin and ovarian steroid secretion in the menstrual cycle of cyno-
molgus monkeys, determined chorionic gonadotropin levels and steroids output
of placental origin throughout gestation. In addition, we have described the
patterns of LH, FSH, estradiol and progesterone in the post partum interval
through reinitiation of cyclic ovarian function.

Publications :

Goodman, A.L., Descalzi, C.C, Johnson, D.K., and Hodgen, G.D.: Composite
Pattern of Circulating LH, FSH, Estradiol, and Progesterone during the
Menstrual Cycle in Cynomolgus Monkeys

Hodgen, G.D., Stouffer, R.L., Barber, D.L., and Nixon, W.E.: Serum Estradiol
and Progesterone During Pregnancy and the Status of the Corpus Luteum at
Delivery in Cynomolgus Monkeys. Steroids 30 : 295-301, 1977.

Goodman, A.L. and Hodgen, G.D.: Post Partum Patterns of Circulating FSH, LH,
Prolactin, Estradiol and Progesterone in Nonsuckling Cynomolgus Monkeys.
Steroids 31: 731-744, 1973.
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Antigenic similarities among human and six non-human primate chorionic gonado-

tropins have been tested in homolgous radioimmunoassays and bxoassay utilizing
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antigenic similarities were found among those subunits and the chorionic ^^
gonadotropins of the chimpanzee, gorilla and orangutan. No such antigenic

similarities were recorded for the baboon, macaque or marmoset. In the de-
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chimpanzee appears to be the optimal nonhuman primate
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ProTect Description

Objectives

The objectives of this project are 1) to determine the decree of simi-
larity of antigenic determinants in chorionic gonadotropins of man and
nonhuman primates, 2) to gather evidence for determining the most
appropriate model for use in studies of fertility control, and 3) to extend
these studies to cover more primate species.

Methods

Urine is collected from primates during earlv pregnancy, extracted bv
kaolin-acetone or acetone precipitation and is subjected to' both radio-

'

immunoassay and bioassay using reagents and antisera obtained from hCG
or its subunits.

Major Findings

Chorionic gonadotropins from man, chimpanzee and gorilla displaced
labeled hCGa in a homologous hCGa radioimmunoassay. Similar preparations
from the orangutan, baboon, macaque and marmoset failed to inhibit bind-
ing under these conditions, ^^en the hCG3 radioimmunoassay was utilized
man, chimpanzee, gorilla and orangutan inhibited binding in a dose
dependent relationship while baboon, macaque and marmoset did not reduce
tracer binding.

Antisera to hCG subunits inhibited the biological activity of
chorionic gonadotropin from man, chimpanzee, gorilla and orangutan, but
not that of the baboon, macaque or marmoset.

Significance to Biomedical Research

The development of appropriate, available surrogates for humans to
be used in testing the efficacy of vaccination procedures for control offertility as well as other contraceptive methodologies is of ongoing
concern to the biomedical establishment. This program gathers evidence
of suitability of various nonhuman primates for this purpose in those
cases where hCG or its subunit are used as vaccination agents.

Proposed Course

Chorionic gonadotropins from other species of nonhuman primates shall
be tested in order to gain evidence for their suitability for use as models
tor man.

Publications

Nixon, W.E., Chen, H-C, Hodgen, G.D.: Antigenic Similarities to
hCG SuDunits among Chorionic Gonadotropins of Nonhuman Primates
J. Med. Primat. 6_:195-202, 1977.
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